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New Dutch Flagship completes maiden voyage 
350 years after arrival of ‘‘Half Moon’’ 


On September 11th, New York Harbor wel- 
comed the Rotterdam, Holland-America Line’s 
newest, largest and most modern liner. 

The arrival of this 38,645-gross tonnage ship 
recalls the historic day 350 years ago when the 
Dutch vessel Half Moon first dropped anchor 
off Staten Island. 

Ranking fifth in size among the world’s pas- 
senger ships, the Rotterdam is fitted with all the 
improvements that modern engineering can pro- 
vide for safety and comfort at sea. 

Combustion Engineering had a very special 
interest in extending a hearty welcome to this 


notable ship, for the power that drives her is 
supplied by 4 boilers of C-E VERTICAL SUPER- 
HEATER design, built by N. V. Koninkijke Maat- 
schappij “De Schelde,” Combustion’s licensee in 
Holland. Each boiler has a normal rated capac- 
ity of 110,000 pounds of steam per hour. The 
Rotterdam is another notable ship added to the 
rapidly growing list of those powered by C-E 
Vertical Superheater Boilers. 

Around the world Combustion Engineering 
continues to provide the most advanced designs 
of steam generating equipment for merchant 


and naval ships — including our Nuclear Navy. 
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THERE'S NO SUBSTITUTE FOR EXPERIENCE {(N ENGINEERED PRODUCTS 


? 
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For Southern California Edison Company’s 


new Huntington Beach Steam Station’.. 


Ingersoll-Rand 


po 





axial-inlet condensers 








will serve each 200 MW unit 


Designed for an eventual four units, the first two 
units of the new Huntington Beach Steam Station 
are now under construction. Turbines are cross- 
compound axial exhaust, 2400 psig., 1050 /1000', 
3600, 1800 rpm. As indicated above in the artist’s 
rendering, these units will be served by axial-inlet 
condensers, specially designed for this installation 
by Ingersoll-Rand. These I-R condensers are 2-pass 
units, each with 110,000 sq ft of surface. 

In addition to the surface condensers, Ingersoll 
Rand is furnishing the following associated 
equipment: 


5 boiler-feed pumps rated 2020 gpm at 6400 ft 
TDH. 


4 vertical condensate pumps, 3-stage, rated 2500 
gpm at 350 ft TDH 





5 condensate booster pumps, rated 1851 
gpm at 1970 ft TDH. 











vertical condenser circulating pumps, rated 
44,000 gpm at 35 ft TDH. The columns and dis- 
charge head sections are lined with Fiberglas. 


steam-jet ejector units, 2-stage, single-element 
with surface-type inter and after ¢ondensers. 


2 horizontal reciprocating vacuum pumps each 
driven by a 100 hp electric motor. 


This installation is another dramatic example of 
Ingersoll-Rand’s ability to meet the requirements of 
the modern steam plant...with advanced design 
surface condensers, pumps and associated equip- 
ment. Your I-R engineer will be glad to help you 
determine the equipment best suited to your 
requirements. 


Ingersoll-Rand 


4-874 11 Broadway, New York 4, N. Y. 
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FLOW DIAGRAM OF WATER TREATING SYSTEM AT LANSDALE TUBE COMPANY 


mati-pore 


cation exchanger 
AMBERLITE 1R-120 


mechanical 


O>, etc 


DEAERATION 
removes CO» 






































~ ~ - 








anion exchanger 
AMBERLITE 1RA-410 
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Water pouring from TV picture tubes carried fluorescent powder which has now settled on tube face. It must be free of ions in 
solution and carbon dioxide to prevent unwanted reactions and insure a smooth, blernish-free screen. 


TV needs 100,000 gallons of AMBERLITE-treated water 
every day, at Philco’s Lansdale Tube Co. Division 


Plating perfect fluorescent screens on the inside of those big 
picture tubes calls for water completely free of metallic 
impurities and carbon dioxide—for washing tubes and pre- 
paring phosphor solutions. At Philco’s Lansdale Tube Co. 
Division, the water treating system teams AMBERLITE IR-120 
cation exchange resin and AMBERLITE IRA-410 anion exchange 
resin to provide water free of troublesome ions. 


Water from the company’s well contains 180 ppm hardness, 
240 ppm dissolved solids, 150 ppm alkalinity. After treatment, 
deionized and filtered water shows over 600,000 ohm electrical 
resistance at 18°C., twice the required minimum for picture 
tube use. Water of 20,000,000 ohm resistivity at 18°C. for the 
manufacture of electronic components is obtained by passing 
the deionized water through small MoNnoBEp units containing 
a mixture of AMBERLITE IR-120 and AmBER.LITE IRA-400. 
(MBERLITE-treated water replaced distilled water in all 
manufacturing processes at Lansdale Tube Co. in 1947. 


Can ion exchange help you? Your engineering company, 
qualified by experience in water conditioning, can tell you 
how AMBERLITE ion exchange resins may solve your problem. 
Write today for a copy of “If You Use Water ...”’ 24 pages 
of the latest information on water conditioning. 
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Cation and anion exchange units in operation at Lansdale Tube Co. 
AMBERLITE and Monosen are trademarks, Reg. U.S. Pat. Off. and in 


principal foreign countries. 


Chemicals for Industry 


COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 





Perfect =, 
halance.: skill and experience commends the Mitchell organization 


to your interest regarding your next job of critical piping. If you know 


the wisdom of delegating the prefabricating and erecting of high-pressure, 


high-temperature piping directly to specialists... by all means ask us in. 


W. K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


MITCHELL PRINS 


PIPING FABRICATORS AND CONTRACTORS 
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Here are America’s first six CE-Sulzer once-through 
boilers: All have LEN Direct-Energy Balance Control. 


Company 
Dayton Power & Light Co 
Metropolitan Edison Co 
Dayton Power & Light Co. 
Philadelphia Electric Co 


Operating 

Pressure Capa- 
Station (psig) bilaty 
Tait 4 2400 150 MW 
Portland 1 2400 165 MW 
Tait 5 2400 150 MW 
Eddystone 1 5000 325 MW 


Cleveland Electric Illuminating Co Avon 8 3500 250 MW 


Philadelphia Electric Co 


Eddystone 2 3500 325 MW 


New L&N Direct-Energy Balance Control 
Coordinates Once-Through Boiler and Turbine 


Philadelphia Electric Company’s Eddystone Unit No. 1, 
the world’s highest pressure and temperature (5000 
psi and 1200°F) steam generator, employs the larg- 
est CE-Sulzer, once-through boiler ever built. 

A new type of combustion control, Direct-Energy 
Balance, coordinates boiler-turbine operation by con- 
sidering them as an integral unit. From combined 
steam pressure and generator intelligence, D.E.B. con- 
trols regulation of both fuel input and turbine gov- 
ernor valves. Excess air is “trimmed” automatically 
by flue gas oxygen analyzing equipment. 

In the picture above, an operator at Eddystone is 
using the D.E.B. Control to set directly the desired 
rate of generation change. When he calls for a change 
in load, the control responds quickly, at the pre-set 
rate of change. Operation of the unit is integrated 
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because (1) boiler-turbine output is changed in a pre- 
determined, orderly manner, and (2) output is kept 
within the capabilities of the equipment in service. 

In designing the Direct-Energy Balance method, 
L&N engineers sought a basic improvement over con- 
ventional combustion controls. Based on 30 years’ 
experience in power plant measurements and controls, 
this new method was developed, subjected to simula- 
tion studies, and extensively field-tested. Direct- 
Energy Balance Control has also been selected for 
Unit 2 at Eddystone, a supercritical unit of 3500 psi. 
For information on this new concept in combustion 
control, call your nearby Field Office, or write for 
Reprint 463(8) to 4972 Stenton Avenue, Philadelphia 
14, Pa. 


NORTHRUP 


Automatic Controls « Furnaces 
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Republic ELECTRUNITE Boiler Tubing 
offers Quality you can measure 





Predictable, dependable Republic ELECTRUNITE® 
Boiler Tubes were used in the installation of a new 
power plant unit for the production of electricity for 
the Borough of Lansdale, Pennsylvania. 

This new steam generator, engineered, manufac- 

tured, and erected by Riley Stoker Corporation, 
Worcester, Massachusetts, is designed to operate at 
150,000 pounds of steam per hour, 1000 psi, at 2 
steam temperature of 900° F. 
Predictable ... because ELECTRUNITE Boiler Tubing 
is hydrostatically or electronically tested to conform 
with the applicable ASTM specifications and the 
ASME Boiler and Pressure Code, as well as local, 
state, and boiler insurance requirements, 


FARROWTEST"* 
laboratory theory, not a mere inspection tool, but an exclusive production 
test that detects and rejects tubing containing defects of critical size. 
FARROWITEST is offered as an alternative to other less positive tests 
in accordance with table below, at no extra cost. 


QUALITY YOU CAN MEASURE. Nota 





FARROWTEST REJECT TABLE 
Defective Area 
(Length, 
Depth Plane) 
20 ‘ -0025 sq. inches 
18 ' ,006”" ' 003 sq. inches 
16 { 12'2A% of wall : 003 sq. inches 
14 and 13 12'2% of wall ; 004 sq. inches 
12 and heavier 12'2% of wall ' 005 sq. inches 


Wall | Miner dimension 
Thickness of the defect 
(B.W. Gage) (Length or Depth) 


FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equal to, or greater than, those shown in this table. For irregular 
defect shapes, a tube with defect area equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROWTEST 
equipment can be calibrated to reject defects of lesser specified 
area than shown in table, at extra cost. 











Dependable ... because ELECTRUNITE Boiler Tubes 
are made from high-grade steel, produced in 
Republic’s own mills. Operations, materials, and 
methods are carefully controlled from the time the ore 
is mined, through mill, and manufacturing processes. 
Performance . . . proved on the job, job-after-job. 
Skilled craftsmen on the job report, “with 
ELECTRUNITE, the rolling goes well... the metal 
works properly, rolls in smoothly ... we never worry 
about cracks in the tubing.” 

Get the facts. Learn more about Republic 
ELECTRUNITE for boiler, heat exchanger, condenser, 
evaporator applications. Call your Republic rep- 
resentative. Or, write direct. 


Power plant at Borough of Lansdale 
does not have a grate surface. 
Instead, powdered coal fuel which 
burns in suspension is fed in through 
water-cooled ports on front wall. 


Full normalizing makes Republic 
ELECTRUNITE uniformly ductile for 
smooth, easy bending, trouble-free 
service. This view shows the fuel 
ports from the inside. 


More and more engineers in utility companies are considering Republic 
ELECTRUNITE Stainless Steel Tubing for main surface condensers. Republic's 
ELECTRUNITE Stainless Steel resists corrosion, provides long, trouble-free 
service where water is used directly from natural sources. Call your local 
Republic ELECTRUNITE representative, or write for facts and data, 
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REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION 
DEPT. C-7911-A 
221 EAST 131ST STREET - CLEVELAND 8, OHIO 
Please send the following literature: 
0 ELECTRUNITE Boiler Tubes 
(J ELECTRUNITE Heat Exchanger Tubing 
0 Carbon 0 Stainless O FARROWTEST Brochure 
Name — ——————_ 
Firm_—__ 
Address — 
Zone 





MARYLAND Steam Surface Condensers for installation in South America 


Two 50,000-square foot condensers designed 
and manufactured by Maryland for installation 
in South America, have been stored at Maryland 
for over a year. Maryland is in an excellent 
position to provide storage service for customers 
desiring to order ahead of schedule, or faced 
with schedule changes. This service also enables 
our customers to take advantage of prevailing 


economic conditions. 


As shown, units are ready for disassembly 
after shop erection and inspection. Both con- 
densers are designed for outdoor service and 
incorporate seismic shock resistant features. 


WRITE FOR NEW BROCHURE a 


Complete Engineering, specifica 
tion and fabrication data on 
Maryland Surface Condensers. 
It’s vours without cost or obligation 


Industrial Products Division 


Maryland Shipbuilding & Drydock Company 
Baltimore 3, Maryland 


DETROIT, MICH., Bradbury-Kenrick Associates » SEATTLE, WASH., J. A. Tudor & Associates, Inc. »« CHICAGO, ILI 


Representatives in 


Principal Cities 


Piepenbrink and Schoonhoven «+ YORK, PA., J. L. Souser & Associates « CINCINNATI, OHIO, Hare Equipment Co 
DALLAS, TEXAS, Bernhard Engineering Sales Co. « KANSAS CITY, MO., Midwestern Power Equipment Co 
ST. PAUL, MINN., Northwestern Power Equipment Co . 


SANTURCE, PUERTO RICO, Ramon |. Gil 
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Bailey Meters and Controls for two boilers in a midwestern milling company. 


How Bailey helps you get a new 


boiler off to a fast, safe start —— 


combustion, and 


-- The thrill of putting a new boiler “on-the-line” can 
be marred if you lack adequate metering and control 
equipment. You are a lot surer of a fast, safe start and 
dependable operation for a long time when you specify 
Bailey Meters and Controls. They are keys to peak 
efficiency and low operating costs. 

Bailey is the choice of virtually all the most efficient plants 
on the Federal Power Commission’s heat rate report. 


Here’s why: 


1. A Complete Line of Equipment 
You can be sure a Bailey Engineer will offer the right 
combination of equipment to fit your needs. Bailey manu- 
factures a complete line of standard, compatible pneu- 
matic and electric metering and control equipment that 


has proved itself. Thousands of successful installations 


involving problems in measurement, 
automatic control are your assurance of the best possible 


system. 


2. Experience 

Bailey Engineers have been making steam plants work 
more efficiently for more than forty years. Veteran engi- 
neer and young engineer alike, the men who represent 
Bailey, are storehouses of knowledge on measurement 
and control. They are up-to-the-minute on the latest 


developments that can be applied to your problem. 


3. Sales and Service Convenient to You 
There’s a Bailey District Office or Resident Engineer 
close to you. Check your phone book for expert engineer- 


ing counsel on your steam plant control problems. 
; 31-1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD 


CLEVELAND 10, OHIO 


In Canada — Bailey Meter Company Limited, Montreal 
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DAMPNEY COATINGS 
LIVE WITH IT! 


True measure of a high-heat coating’s worth is continuous 
operation at rated temperature. Yet many so-called “heat- 
resistant” coatings take only occasional peaks — fail rapidly 
in ‘round-the-clock service. 

Dampney coatings are rated always for day in, day out opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 
protection — with plenty in reserve. 


Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 
ment. Thus they establish a lasting foundation easily maintained 
and permanently ending time-consuming and costly surface 


preparation. 

Repeat orders — from a typical customer, 26 in 12 months for 
enough material to protect 1,929,000 square feet of steel — is 
the best evidence we have that when industry wants honest 
high-temperature coatings, it remembers Dampney silicones and 
ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000°F., to atmospheric corrosion, and to weather 
exposure — for these industrial hot spots . . . 


stacks and breechings turbine interiors 
steam lines precipitators 
kilns coke ovens 
forced and induced draft fans incinerators 
heat-treating furnaces pulverizers 
autoclaves and retorts blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 


NUMBER | for boiler interiors. For all hot metal, wet or dry, 
the best protection available is made and marketed by 





MAINTENANCE 
FOR METAL 








HYDE PARK, BOSTON 36, MASSACHUSETTS 


Coatings for all temperatures to high heat— 
all corrosive environments. 


December 1959-C OMBUSTION 





WITH CENTRIFUGAL FANS? 





WORE ee 


WITH POWER ROOF VENTILATORS? 


Both methods have their advantages. The type fan you select will naturally depend on the circumstances 


encountered in the layout of your station. To meet these requirements, “Buffalo” offers power roof 


ventilators, centrifugal fans and make-up air units well suited to the task. Above are two typical “Buffalo” 


boiler room and turbine room ventilation installations. 


“‘Buffalo’’ Centrifugal Fans — These quiet, effi- 


cient, non-overloading fans have proved an excellent 


choice for boiler house ventilation. If desired, hot air 
may be ducted to other areas as needed. “Buffalo” Centri- 
fugal Fans provide completely stable performance from 
free delivery to shutoff. Turbulence is reduced to a mini- 
mum by unique “Buffalo” design features. All wheels are 
factory-balanced to minimize vibration. Rugged construc- 
tion throughout gives a long life of trouble-free service. 


Write for full details in Bulletins F-104 and F-201. 


“Buffalo” Power Roof Ventilators — These 
dependable “packages” exhaust high volumes of hot air 
from large areas. They save money from the start, because 
little, if any, expensive duct work is required. Peak- 
efficiency “Buffalo” fans insure minimum operating costs. 
Installation does not interfere with valuable floor space. 
“Buffalo” Sky-Vent Power Roof Ventilators are complete 
units, quickly and easily installed. Capacities 1,000 to 
250,000 CFM. Assembled packages include fan, motor, 
housing, roof curbing, stack and hood. Can also be 
arranged for supply with heating coils and dampers. Write 
for Bulletin FM-2345. 


Your nearby “Buffalo” engineering representative will be glad to work with you on your boiler room 


ventilation problems. Phone him today, or write us direct. 


BUFFALO FORGE COMPANY 


Buffalo, New York 


Buffalo Pumps Division, Buffalo, N. Y. 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


VENTILATING ¢ AIR CLEANING e@ AIR TEMPERING © INDUCED DRAFT © EXHAUSTING © FORCED DRAFT © COOLING © HEATING © PRESSURE BLOWING 
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S-E-Co. Volumetric Feeders and S-E-Co. Gravimetric Feeders 
assure maximum reliability of coal feed to pulverizers and to 
cyclone burners because they carry the coal 24” wide on the feed 
belt. The 24” clear width provides ample space for the passage 
of oversize pieces of coal or occasional foreign objects. Not only 
does this contribute to reliability of feed, but it minimizes fluctua- 
tions in the volumetric efficiency and correspondingly leads to 


24" WIDTH OF COAL ON BELT 
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a more uniform discharge. Carrying the coal in a 24” wide stream 
on the feed belt also means that wet, sticky coal is handled with 
the same ease as dry coal. It is the unobstructed 24 inches that 


provides the best assurance of uninterrupted feeder operation. 


be ] oc Equipment Company 
749 HANNA BLDG. « CLEVELAND 15, OHIO 


MEANS GREATEST RELIABILITY 
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Three-inch wall main steam piping. Boiler will operate 
at 2400 pounds per square inch and 1050° Fahrenheit. 


Race track for 227,000 horses 


At Ohio Edison’s new Stratton power station, 
high pressure, high temperature steam races 
through this heavy wall piping at 125 miles per 
hour, creating more than 227,000 horsepower 
in the turbine. 

In addition to main steam and boiler feed lines 
the project included instrument piping and all 
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towboats, barges, river transportation - 


died teal! 
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boiler & power plants - heaters - docks & unloaders - fabricated piping - bridge sub-structures 


14 


slopes, shafts, tunnels - gas & oil pumping stations - ore & coal bridges 


auxiliary systems. This is the first of four 170,000 
kw units to be installed at the Stratton station; 
Dravo will fabricate piping for all four. 

Inquiries are invited on this or any of the 
engineered products and services listed below. 
Write DRAVO CORPORATION, PITTSBURGH 
25, PENNSYLVANIA. 


DRAV 


+ pumphouses & intakes 


> ny Ry CoRR P GRATE SO WR 


> 


mill lubrication systems - foundations - grating 
marine repairs + gantry and floating cranes 
mechanical construction + process equipment 
locks & dams - vibrating screens & conveyors 
ready-mixed concrete - dredging + pile driving 


+ river sand & gravel « sintering plants 


December 1999—-C OMBUSTION 











ONLY WELBOND COMBINES 
ALL THESE V 


These features have won im- 
mediate approval for Y arway 
Welbond Valves in steam 
power plants everywhere. 
Now available in 9 sizes, 14"’ 
to 21.4"', angle and straight- a 

‘wal ' +321 STAINLESS STEEL 
way. Pressures to 2500 psi, _will not ‘pit’. Self 
temperatures to 1050°F. aligning valve disc 
Write for Bulletin B-453. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue 
Philadelphia 18, Pa. 


Branch Offices in Principal Cities 


HIGH TEMPERATURE 
INHIBITED STEM PACKING 
—furnishes double insurance 
against packing leaks 


ACCESSIBILITY 

—all working parts 

readily removed UNIQUE SEAT DESIGN 

through yoke. Jack Thermal compensating groove 

actiomof stem forces prevents distortion when 

out old packing. welding valve in line and 
permits perfect seating of 
disc for positive seal 


~~. \ ... be valve 
YARWAY WELBOND > 21H fet 


eo 





REPRESENTATIVE USERS OF YARWAY WELBOND VALVE: Houston Lighting & Power Co. Jersey Central Power & Light Co. Boston Edison Co. Virginia 
Electric & Power Co. Connecticut Light & Power Co. City of Independence, Mo. Aluminum Co. of America City of Pasadena, Calif. Mississippi 
Power & Light Co. Rochester Gas & Electric Corp. Ohio Edison Co. Central Hudson Gas & Electric Corp. 
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(Left) The huge riverside crane at 
Combustion’s Chattanooga Division 
easily lifts this 92-ton stainless steel 
reactor vessel — the most complex 
reactor vessel built to date — into a 
barge for shipment to the Enrico 
Fermi Power Station, Lagoona Beach, 
Michigan. 

(Right) Stainless steel sodium heat 
exchanger consisting of a series of 
tubes within tubes, encased in a pres- 
sure vessel. 


What C-E is doing to advance 


The strange and wondrous world of the atom has been exam- 
ined and surveyed by C-E scientists and engineers since 
1946. The object—to put the controlled energy of the atom 
to productive use for the generation of power. The result 
—a wealth of knowledge and experience in the application, 
design and manufacture of nuclear power equipment. Backed 
by specially designed laboratories and manufacturing facili- 
ties, this knowledge and experience—greatly augmented and 
enriched by the acquisition of the General Nuclear Engi- 
neering Corporation early this year—has enabled C-E to 
undertake many kinds of nuclear work. 

Notable C-E and General Nuclear projects are outlined 
on the opposite page. Virtually all of them are current, and 
many have a significant relationship to the vital task of 
making nuclear power competitive with conventional power. 
Collectively, these projects will contribute importantly to 
the Company’s objective of achieving the same position 
of leadership in the atomic world of tomorrow which it 
has long since achieved in present-day methods of power 
generation. 


i Bt 
»*-, 
ry 


oo * 
: te - WY . Wow a 
- 1" g 


as 


/ i — : a d 
’ : ’ ‘ > 
| a LE a 
wa ? ee, mee 9 v4 

oe . 
Partial view of laboratory of General Nuclear Engineering Corporation at Portion of a laboratory at C-E’s Nuclear Division, Windsor, 
Dunedin, Florida, showing equipment used for the study of a high-pressure, Connecticut, showing gas analysis equipment used for 
high-temperature gas coolant system. detecting the presence of small quantities of gases in reac- 

tor materials. 
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Portion of the 530-acre site occupied by C-E’s Nuclear Divi- 
sion at Windsor, Connecticut. This Division is equipped for 
the development, design and test of reactor systems and the 
manufacture of reactor cores and core components. 


The 520-foot-long Heavy Vessel Bay at C-E’s Chatta- 
nooga Division was created especially for the manu- 
facture of heavy nuclear components. 


Nuclear Power Progress 





C-E NUCLEAR PROJECTS 


For Electric Power Stations 

* In association with Stone & Webster Engineering Corpora- 
tion, a design study for AEC of an advanced type of large 
(236,000 kw) pressurized water reactor power plant. 

¢ A long-term development program for AEC to determine the 
best means of using nuclear energy to generate superheated 
steam. (Success in this endeavor will be a big step forward in 
reducing the cost of nuclear-generated power.) 

* Design studies for the Puerto Rico Water Resources Author- 
ity, under AEC contract, to determine the best means of adding 
nuclear superheat to a boiling water reactor. 

* Design, research and development work covering a gas- 
cooled, heavy-water-moderated, pressure-tube type reactor for 
the East Central Nuclear Group, Inc., and the Florida West 
Coast Nuclear Group. This development will also lead to a 
nuclear power plant using superheated steam. 

* The development and test of various kinds of fuel elements 
and fabricating procedures, under contract with the AEC. 

* The design and manufacture of reactor vessels, including the 
largest and most complex vessels of their type built to date, for 
the Shippingport Station (America’s first full-scale atomic 
power plant), the Enrico Fermi Atomic Power Plant, the Hum- 
boldt Bay Nuclear Power Station, and Italy’s first nuclear 
power plant. 


For Military Power Plants 


* Design study for U. S. Army, under AEC contract, of a truly 
package type of nuclear reactor, using the boiling water con- 


cept, for remote installations. This program includes operation 
of a prototype boiling water reactor at the National Reactor 
Testing Station in Arco, Idaho, and the training of military 
technicians in the operation of the installation. 

¢ The conceptual design and operation of a nuclear test reac- 
tor, under AEC contract, to permit full-scale testing of proto- 
type reactor cores for military field plants. 


For Naval Power Plants 

¢ The design and manufacture of a submarine reactor system 
designed to set new standards of accessibility, speed of startup 
and operational flexibility—and the operation of a land-based 
prototype installation. 

* The design and manufacture of numerous reactor cores, 
reactor vessels, steam generators and pressurizers for various 
types of submarines and naval surface ships. 


For Merchant Ship Propulsion 

* The design and engineering study of a prototype pressur- 
ized water reactor for a 45,000-ton tanker, under contract with 
the AEC and the U. S. Maritime Commission. 


Special Studies and Services 

¢ Irradiation studies, fabrication studies, evaluation studies of 
the general properties of materials, quality control, isotopic 
analyses, strain gauge and photoelastic testing, basic and 
applied research in ferrous metallurgy. 

¢ Bio-assays, decontamination, environmental monitoring, 
radiochemical analyses and radiological safety programs. 











COMBUSTION ENGINEERING Ky 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. C-248 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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Variable Flow 

High Silica 

High Turbidity 
Hardness Removal 
Alkalinity Reduction 


Varying Chemical 
Composition 


Oxygen Removal 


re /AW/ LE 























HOT PROCESS-HOT ZEOLITE 
SYSTEMS 








No matter what the service condition—variable flow rates, changing raw water compo- 
sition, high turbidity, high silica, or any combination of the above, Graver Hot Process- 
Hot Zeolite Systems are designed to consistently produce the required quality effluent. 
This means /owest turbidity, silica, alkalinity and hardness. 

Your conditions may require the use of sludge blanket, external sludge recirculation, 
integral deaeration, handling of condensate, complete automation, or any combination 
of these. Graver has actual experience in the design, fabrication and operation of the exact 
unit you need to do the job. This experience has been gained from hundreds of installa- 
tions during the past 50 years and from our extensive research and development program. 
Designed to meet the needs of today’s processing industries requiring makeup treatment 
to medium pressure boilers, Graver Hot Process-Hot Zeolite Systems assure uninterrupted 


Operation with the best possible treatment results under all feed conditions. 


WRITE FOR DESCRIPTIVE LITERATURE 


Industrial Water Treatment Dept. I-330 


G R AV E R —— eee co. 


216 WEST 14TH STREET, NEW YORK 11, N.Y. 
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THE WESTERN PRECIPITATION 


“Transistomatic’ 


BY FAR, 

the 
Industry's 
Most 
Advanced 
Precipitator 
Contro/... 


end comese [ffetina Guinanitee/ 


In the electrostatic precipitation of dust, fume and We ACCURACY! The “Transistomatic’’ does not 


: fly ash, no installation is completely modern base its ‘sensing’ action on spark frequency alone—or spark intensity alone. 
without wes ya control to maintain opment Instead, it continuously integrates BOTH frequency and intensity to establish 
Precipitator efficiency as the characteristics of the 
gas stream fluctuate. Compared with manual 


control, automatic control is not only 

more sensitive and more efficient, but actually 
costs less because of the vital savings it makes in Compare DEPENDABILITY! The “Transistomatic’’ unit 
labor and operating costs . . . savings so important contains no parts of any kind requiring regular replacement. Moreover, 


that no profit-minded operator will want the entire unit is completely sealed—moisture-proof and watertight. 
to be without them. 


But the important point to remember is this — 
Although mony manufacturers of precipitation We GUARANTEES / The ‘‘Transistomatic” is so 


e t offer units f itat toma- : : es 
Se mgghe. atthe + age epra alemtigags Sco foolproof and trouble-free it carries a lifetime guarantee! 
tion, no other unit is equal to the ‘'Transisto 


matic’’ Control for foolproof simplicity, rugged 
dependability or control accuracy! 


an overall ‘power value"’ that provides a new standard of control accuracy! 


BEFORE YOU BUY ANY automatic precipitator control, be sure 
4 Z| F to get the complete “Transistomatic’ story. A folder is available 5 
These are not idle claims. They can be easily 


di zi ; giving additional data. Or see your nearest Western Precipi- 
verified by making your own comparison... 


tation representative for further details! 


WESTERN 


PRECIPITATION 


A DESCRIPTIVE BOOKLET RPORATIO 


that gives further information 1d Me . ‘ and Equipment for Process Industries 
will gladly be sent on request LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 + PITTSBURGH 22 + ATLANJIA 5 - SAN FRANCISCO 4 


Write, wire or phone our nearest office! Representatives in all principal cities 


Precipitation Company of Canada Ltd., Dominion Square Bidg., Montreal 
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Eddystone Station's Unit 1 has a capacity of 2,000,000 Ib/hr at 5000 psig 
and 1200°/1050°/1050°/F ... uses C-E Sulzer Monotube Steam Generator, 


Vulcan Selective-Sequence system provides 


Eddystone Station with 


When Unit 1 of Philadelphia Electric’s Eddystone 
Station goes into operation, a Vulcan Selective-Sequence 
system will accurately control all soot blowing. 

Selective-Sequence systems were chosen for both units 
1 and 2 at this super-critical station because they assure 
positive, dependable boiler cleaning . make the most 
efficient use of the blowing medium. 


Vulcan Controller saves time. Without leaving the 
panel, the operator pushes a master button to place the 
system in sequential operation. He can see that each 
soot blower is operating in sequence for the proper inter- 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY, ERIE 4, PA. 


precision soot blowing 


val with adequate pressure. He can modify the sequence 
to improve cleaning or conserve the blowing medium 
without time-consuming wiring and piping changes. 


Vulcan long retractables speed cleaning. With dual- 
motor drive, Eddystone’s T-30’s clean uniformly; mini- 
mize the danger of tube cutting or erosion. Low rotating 
speed increases range and penetration of cleaning, de- 
creases wear, eliminates whip, and permits proper clean- 
ing with faster traversing speeds. 

Half-’tracts with 19-foot travel, wall deslaggers, and 
air pre-heater controls are also used. 


BLAW-KNOX 
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Panel provides centralized control of soot blowing 
at Eddystone. With the Vulcan SSC-120 Selective- 


Sequence controller, each blower can be operated four 
times during a schedule, or there can be four different 
schedules. The sequence can be varied by means of a 
jack board. Any soot blower can be operated at any 
point in the sequence by plugging one end of a patch 
cord into the blower jack, and the other end into the 
desired sequence jack. Write for Bulletin 1029. 


Wall deslagger conserves steam generated at Eddy- 
stone by three special package boilers. High striking 
power of Vulcan RW-3E drives off gummy masses to 
assure high heat-transfer capacity, and uniform super- 
heat and reheat temperature control. Dual motors are 
used: one speeds the nozzle to and from the blowing 
position, the other rotates it slowly for thorough clean- 
ing. All parts are covered for protection, assuring long 
life with low maintenance. Write for Bulletin 1034. 


Vulcan T-30’s have 30- and 37-foot travels. Motors are mounted at the boiler end to facilitate mainte- 
nance, yet away from heat of the boiler wall. Their placement avoids interferences. Write for Bulletin 1030, 


Pm, . a 
“tee 
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TURBINE GENERATOR 


Gyrol Fluid Drive lets you: 


FLUID DRIVE 


Take boiler feed-pump power from 
main-turbine shaft... slash auxiliary costs! 


Save price of motors, switchgear, conduit and cable. Release 
more power to consumer lines. Reduce operating costs. 





AUXILIARY POWER SYSTEM 
ARRANGEMENT 








MAIN HIGH = VOLTAGE TRANSMISSION 





i 
MAIN 
TURBINE & 
GENERATOR 














LARGE AUX. MOTOR 



































Adjustable-speed, main-shaft drives for feedwater pumps reduce capital 
power systems; cut operating costs. American Blower 
hp; speeds to 3,600 rpm 


ovtlay for availiory 


Class 7 Grol Fivid Drives are available to 12 











Savings of nearly $500,000 are predicted for two 
290-Mw turbine generator units scheduled fon 
service this year, one of which has been operating 
since April ‘59. Both use main-turbine feedwater 
pumps driven through American Blower adjust- 
able-speed Gyrol Fluid Drives. 

Savings are fourfold 


1. Shaft-end pumps eliminate costly electrical ac- 
cessories necessary for motor-driven feed pumps. 
2. Auxiliary demands are reduced, so more power 
can be released to consumer lines. 

x Gyrol Fluid Drive saves power over the entire 
operating range. It offers adjustable-speed pump 
control that eliminates wasteful throttling; reduces 
wear by operating pumps at speeds to fit boiler 
demands. 

4. Fluid Drives may effect reduced piping and 
high pressure heater costs since these auxiliaries 
may be designed for maximum operating rather 
than pump shut-off conditions. 


Let an Industrial Division product specialist 
show you how Gyrol Fluid Drive can save power, 
improve operating ethciency. Contact 
our nearest office, or write: American-Standard* 
Industrial Division, Detroit 32, Michigan. In Can 
ada: American-Standard Products (Canada) Ltd., 
loronto, Ontario. 


cut costs 


* Amenican - Standard and Standard» are trademarks of 


American Radiator & Standard Sanitary Corporation, 


American-Standard 


INDUSTRIAL DIVISION 


AMERICAN BLOWER PRODUCTS °@ 


ROSS PRODUCTS e 


KEWANEE PRODUCTS 
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New equipment at Norton. This is a Riley 150,000 lb /hr water-wall 
unit—two drum, bent tube—operating at 680 psi. It burns pulver- 


ized coal, has four circular burners in the front wall. 


Coal proves best dollar 


NORTON COMPANY FINDS COAL STILL IS LOWEST COST 


As plant facilities expanded, the Norton Company, 


Worcester, Mass., world’s largest manufacturer of 


abrasive products, required greater quantities of steam 
for heating, hot water, electricity and process work, 
This expansion prompted an engineering survey to 


determine future power needs. As a result, Norton staff 


engineers— working with K. R. Warrington, Consulting 
Engineers—decided to install additional steam generat 

ing equipment. Coal had been used previously because it 
was the most economical of the fuels in that area when 
the original plant was installed. Coal continues as 
the fuel of the new plant for the same reason. Norton 
management is sold on the fact that, dollar for dollar, 
coal is the best fuel buy. 


COAL IS LOWEST COST FUEL 


Today, when the annual cost of fuel often equals 
the original cost of the boilers, you should know 
that bituminous coal is the lowest cost fuel in most 
industrial areas. And modern coal-burning equipment 
gives you 15% to 50°) more steam per dollar, while 
automatic operation trims labor costs and eliminates 
smoke problems. What’s more, tremendous coal re 
serves and mechanized mining procedures assure you a 
constantly plentiful supply of coal at stable prices. 


CONSULT AN ENGINEERING FIRM 


If you are remodeling or building new heating or power 
facilities, it will pay you to consult a qualified engineer- 
ing firm. Such concerns—familiar with the latest in fuel 
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FUEL IN ITS AREA 


costs and equipment—can effect great savings for you 
with the efficiency and economy of coal. 


TECHNICAL ADVISORY SERVICE 


To help you with fuel problems, the Bituminous Coal 
Institute offers a free technical advisory service. We 
welcome the opportunity to work with you, your con- 
sulting engineers and architects. If you are concerned 
with steam costs, write to address below or send coupon. 
Ask also for case histories booklet, complete with data 
sheets. You’ll find them informative. 


BITUMINOUS COAL INSTITUTE 
Department C-12,S rn Building, Washington 5, D. C. 


q f Bi; 1C-18h/ Bi 
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In the center, ash hoppers—part of United Conveyor steam vacuum 
ash handling system—lead to underground conveyor which moves 
ashes to outside storage silo. At right: coal pulverizers. 


From track hopper, 100 ton/hr boom conveyor (right) carries coal 
to storage area. Bucket conveyor (center) lifts it to belt conveyor at 
top of plant. Coal handling system by William T. Donovan Co 
and Jeffrey Manufacturing Co. 


SEND COUPON FOR NEW BCI PUBLICATIONS 
Guide Specifications, with complete equipment criteria 
and boiler room plans 


Bituminous Coal Institute, Dept. C-12 
Southern Building, Washington 5, D. C. 


Gentlemen: Please send me: 
(1) GS-1 (low-pressure heating plant, screw-type underfeed stoker) 


(C0 GS-2 (high-pressure heating and/or process plant, ram-type underfeed 
stoker 


(0 GS-3 (automatic package boiler for heating and process plants). 


() Case histories on larger plants. 
Name 

Title 

Company 


Address 





Westinghouse Volume Control 


helps pay off fly ash dust 


control investments 


Westinghouse inlet vane air spin control 
is a proven low cost method of regulating 
Induced Draft fan output when using dust 
arrestors. 

Many major power producers are using 


Westinghouse Inlet VANE CONTROL® on 


Operating mechanism is shielded from the 
gas stream but is readily accessible from 


the outside for inspection and maintenance 


coal-fired induced draft fan applications, 
paying off their investment in dust control. 
Ask your Sturtevant Division Sales En- 
gineer for a list of their names and instal- 
lations — or, write Westinghouse Electric 
Corporation, Hyde Park, Boston 36, Mass. 


PLANTS AT HYDE PARK, MASS., LA SALLE, ILL., BERKELEY, CALIF. 


you CAN BE SURE...1F ITS estinghouse 


Watch ‘Westinghouse Lucille Ball-Desi Arnaz Shows’”’ CBS-TV- Fridays J80697 
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KELLOGG ENGINEERS 





BUILD LONG LIFE 


INTO POWER PLANTS 


With costs of downtime constantly 
climbing, the soundest investments 
in new central stations today are 
those engineered for optimum pro- 
tection against failure tomorrow. 

This is one of the reasons why The 
M. W. Kellogg Company, world- 
wide engineers and builders of plants 
for basic industries, is so frequently 
charged with the execution of large 
capital expenditures by electric util- 
ities—one industry vital to all. 

In central stations functioning 24 
hours every day, a major Kellogg 
responsibility is to install and weld 
the hundreds of feet of heavy-walled 
main steam lines that keep steam 
flowing to the turbines, as well as 





much of the auxiliary piping. 
Through Kellogg’s metallurgical 
background and the company’s de- 
velopment of special field-welding 
techniques, the security of Kellogg 
K-Welds® on stainless, chrome- 
moly, and high quality carbon steel 
piping is assured for the life of the 
steam generating system. 
Kellogg’s role in the erection of 
one major utility’s newest power sta- 
tion is fully described in the 12-page 
booklet—‘‘The Eddystone Story.” 
Inquiries for this booklet are invited 
from consulting engineers, engi- 
neers of power generating compa- 
nies, and manufacturers of boilers, 
turbines, and allied equipment. 


GG] THE M.W. KELLOGG COMPANY 


711 Third Avenue, New York 17, N.Y 


A Subsidiary of Pullman Incorporated 


Offices of Kellogg subsidiary companies: Toronto, London, Paris, Buenos Aires, Caracas, Rio de Janeiro 
is 








The Bayer Balanced Valved Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 
of full steam flow does element rotation 
commence—a feature which provides posi- 
tive and efficient cleaning over the entire 
arc. . .without wasting steam. 

The Bayer Soot Blower is simply op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning arc, at the end of 
which the valve automatically closes. 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


¢ 100% cleaning efficiency 
° minimum steam consumption 


e superior high temperature 
resistance 


For severe high temperature locations, 
“super service’ elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 
bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
dependable soot blowers. Engineered for 
long life and low maintenance, Bayer 
products assure economical and trouble- 
free operation. 





ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


@ minimum pressure drop through valve body 

@ machined air seal with spring loaded seat 

@ complete vacuum breaker protection 

@ precision swivel tube alignment lessens stuffing 
box pac king needs 

® load carried on ring type thrust bearings 


single chain operation 

individual elements adjustable for high pressure 
service by orifice plate valve 

full steam pressure over entire cleaning ar 

selected gear ratios for optimum rate of element 





rotation 








For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 
Los Angeles 
Cincinnati 
Indianapolis 


Washington, D. ¢ 
Atlanta 


Tulsa 


Salt Lake City 
Houston 
Kansas City 


Charlotte 
Richmond 
Denver 


Boston 
Seattle 


Cleveland 
Detroit 
Pittsburgh St 


New York 
Philadelphia 
Chicago 


4030 Chouteau Avenue, St. Louis 10, a 
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Green’s Low-Level Economizer belongs on 
your steam cycle flow diagram! 


Why has Green’s Low-Level Economizer already been purchased 
for inclusion in several large units scheduled for operation in 1960, 
1961 and 1962? 


1. It is accepted that low-level heat recovery offers the most eco- 
nomic method of obtaining the lower heat rates required today. 


2. Flue gas-to-water heat exchange transfers the low temperatures 
from the airheater to the Low-Level Economizer where the problems 
of corrosion and plugging can be adequately resolved. 


Green has had over 100 years of economizer experience. It is yours 
for the asking. 


reen 


THE GREEN FUEL ECONOMIZER CO., INC. 
BEACON 3, NEW YORK 
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Here is an all purpose null- 
balance-vector controller for use 
with any pneumatic transmitter. 
Its proportional band ranges from 
2°; to 500°, without changing 
parts, for quick adaptation to 
changes in process requirements. 
Especially important in _ high- 
precision control, Republic’s Type 
VC has exceptional sensitivity 
and a narrow dead band (less 
than 0.05°;,). Its high capacity 
non-bleed pneumatic amplifier 
consumes little air, keeps output 
ample. A selector block permits 
reverse or direct action; local or 


30 


Base Any Of These 





“ON THIS 


For accurate, efficient, 
dependable contro/ systems — 
REPUBLIC’S NEW TYPE “VC” 
PNEUMATIC CONTROLLER 


remote pneumatic set point op- 
tional. 

Companion instruments—us- 
ing an identical null-balance-vec- 
tor “heart’’—include differential 
pressure, temperature and pres- 
sure transmitters .. . ratio, total- 
izing, multiplying, squaring and 
square - root - extracting relays. 
Many parts are interchangeable 
among the instruments in this 
“family”. Besides reducing spare 
parts inventory, the similarity of 
components simplifies the task 
of training personnel. 

Let a Republic engineer show 


you how these instruments can 
help to achieve accurate, effi- 
cient, dependable control systems. 
Republic Sales Offices are located 
in principal cities throughout the 
U.S.A. and Canada. 


Repustic 
FLOW METERS CO. 
Subsidiory of ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY CHICAGO 47, ILLINOIS 


In Canada: Republic Flow Meters Canada, Ltd.—Toronto 


© 
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Manufacturers of electronic and pneumatic 
instrument and control systems for utility, 
process and industrial applications 


























® The primary objective of 
The Valley Camp Coal Company is 
to provide a more efficient coal service 
to help lower your steam costs. 

In the continual development of 
this objective, we have acquired vast 
unmined reserves, thoroughly modernized 
our mining facilities, and constructed 
new coal preparation plants. 

Our combustion engineering service 
is showing more power engineers 


every day how to lower steam costs, with 
} Valley Camp Quality Coals. 


i 
Ke 


> ‘ . e 
OCUson s Creetings 


A 
ag 


THE VALLEY CAMP COAL COMPANY 


Western Reserve Building ¢ Cleveland 13, Ohio 


SUBSIDIARIES — 


Great Lakes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. © The 
Valley Camp Coal Co. of Canada Ltd., Toronto & Fort William, Ont. © Kelley's Creek & North- 
western Railroad Co. © Kelley's Creek Barge Line Inc. ® Pennsylvania & West Virginia Supply Corp. 


SALES OFFICES — 


Philadelphia © Baltimore © Buffalo ¢ Pittsburgh © Wheeling © Cleveland © St. Paul 
® Cincinnoti © New York © Milwaukee © Superior, Wis. © Fort William, Ont. © Toronto, Ont. 
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DECADE OF OPERATION PROVES MAINTENANCE 


OF BUELL ‘SF’ PRECIPITATORS AVERAGE LESS THAN 2% 


In 10 years of selling ‘SF’ electric precipitators, the number of replacement parts ordered from Buell has 





amounted to only 1.17% of the total sales! Even on emitting electrodes, usually the most vulnerable part of 
a precipitator, replacement has amounted to less than 1% of the original number installed. What do these 
extremely low percentages mean? Exceptionally low maintenance costs, for one thing, continuous high- 
efficiency operation, fewer shutdowns and process interruptions. Buell self-tensioned emitting Spiralectrodes 
eliminate vibration found in weight-tensioned wires. Buell’s low maintenance precipitators will provide you 
with the most satisfactory operating results. They’re backed by 25 years of experience ® 
in dust collection, with the practical know-how gained on hundreds of installations. 

Write for descriptive literature. The Buell Engineering Company, Inc., Dept. 70-L, 123 Wil- 

liam Street, New York 38, New York. (Subsidiary: Ambuco Limited, London, England). we 
EXPERTS AT DELIVERING EXTRA EFFICIENCY IN DUST RECOVERY SYSTEMS. 
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Breakthrough Ahead 


About a year ago at the 2nd National Power Conference in Boston, E. H. 
Krieg, vice president and consulting engineer, Stone and Webster, spelled out in 
challenging terms the fact that we were drawing close to the end point for power 
generation along present lines. The physical needs, alone, of a plant built upon 
today’s concept of good design would encompass a mile-square to house a 16 million 
kw station, which is the order of magnitude our expected future requirements will 
impose upon a generating installation. Obviously some new concept must be 
developed. 

On page 42 of this issue a report is made on an imaginative attempt to achieve 
a breakthrough. This attempt, referred to as MHD, meaning magnetohydro- 
dynamics, would employ a high temperature, high velocity, ionized gas stream 
passing through a strong magnetic field to generate electricity. The hoped for im- 
provement in thermal efficiency envisions systems approaching 60 per cent against 
today’s top of about 40 per cent! Truly alluring to the researcher's mind. 

We attended a special press conference called to announce the decision of 
ten power companies and the Avco-Everett Research Corp. to pool funds to further 
the development of MHD. That conference produced the inevitable questions of 
timetables, comparisons with nuclear energy, anticipated costs. The Avco people 
were most enthusiastic on its imminence and spoke of a ten-year development span. 

Philip Sporn, whom we regard as tough-minded, practical and yet visionary, 
pointed out the years still ahead for competitive nuclear power. He emphasized 
the inescapable facts that we are only beginaing to accumulate the basic science 
for MHD much less its economic adaptability. If this approach, meaning MHD, 
should prove feasible within thirty years, in his opinion, a major advance in man’s 
mastery of his environment will have been achieved. We share Mr. Sporn’s views 
and with the rich possibilities of a 60 per cent thermal efficiency as the reward we 
can only add our small voice to that of the industry who wish them God-speed. 
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The present state of knowledge of high intensity com- 
bustion, liquid sprays, furnace aerodynamics, and 
flame stabilization is reviewed, and attention is drawn 
to the need for much further work in many of these 
fields of study to make the results of real value to the 
engineer. The use of model techniques and the per- 
formance of some types of burner are discussed and 
an indication is given of the importance of aerody- 


namics in the boiler furnace as a whole. 


By A. M. BROWN/ 
University of Sheffield 


Pressure-Jet Oil Burners for Boiler Use’ 


HE day is passing in which pressure-jet oil burners 
on boilers and in similar applications are operated 
with poor atomization of the oil and only a small 
pressure drop across the air register, often requiring large 
percentages of excess air for good combustion. Some 
times also little attempt was made to obtain a suitably 
shaped flame for the use re quired In recent years efforts 


to obtain good atomization, attention to air register 
design and considerable increases in air velocities in the 
burner have resulted in much improved conditions of 
Poday the range of burners in common use 
runs from thi gph domestic unit using distillate fuels 


up to 5,000 lb/hr units firing preheated residual fuels with 


combustion 


viscosities sometimes as high as 6,500 sec Redwood I at 
100 F 
been claimed for some well-designed burners and installa 
100,000 Btu/efh atm 


and 


Che use of as little as 5 per cent excess air has 
tions. Combustion intensities of 
considerable 1m 
provements in obtained by 
the draft the air 
at maximum load from the range » to 4 in 
10 in. w.g. or higher in the 


and upwards are now common, 


performance have been 


increasing losses employed across 
register 
w.g. to anything from 3 to 
bigger units. Pressure drops as high as 20 in. w.g. have 
been used in some high-intensity burners, and much 
higher still in jet-can combustors. Much more care is 


also being given to “‘fitting’’ flames to the more tricky 
applications such as shell boilers 
In the 


boilers, particularly for marine purposes, will necessitate 


future the increasing demand for compact 
higher combustion intensities and more stringent com 
later, Fig. 3 In 
economy and will 
greater knowledge and control of conditions in the flame 
at all loads. Although satisfactory results for 
purposes are currently being obtained, there remains a 
the 
combustion process, and for improved burner perform 


to the development of 


addition, 
much 


bustion conditions (see 


automatic operation demand 


many 
very wide sphere for increased understanding of 
his applies not only 


ance 


in Liquid 
Printed 
Portland 


Development 
10590 


* Paper presented at the Conference on “Major 
Fuel Firing 1048 to 1950" held in Torquay, llth to 14th May 
by permission Jour? the Ir Fu 18 Devonshire St 
Place, London W1, Sept., 1959 

t Department of Fuel Technology 

Numbers in parentheses refer t 
References at the end of the article 


and Chemical Engineering 


imilar numbered entries in the List of 
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individual burners by themselves, but also to such 
matters as the interaction of adjacent flames and the 
aerodynamics of the combustion system and boiler as a 
whole. In the past, most methods of design have been 
largely empirical and the application of fundamental 
principles often neglected, although examples can be 
given of attempts to apply theoretical results to the 
parallel field of gas-turbine combustion chamber s(1-3).! 
Despite the large amount of development work which 
must have been done by individual manufacturers, it is 
much to be regretted that with few exceptions (4-7) very 
little on the subject has appeared in print 

In this paper the present state of knowledge of aero 
dynamic requirements and mixing processes in pressure 
jet burners is reviewed, rather than the handling and 
It is presented in the hope that 


this will stimulate discussion, and assist in the develop 


atomization of the oil 


ment of improved combustion equipment 


Main Features Required for Pressure-Jet Oil Burners 


The main requirements for liquid-fuel pressure-jet 


systems are 


combustion intensity relative to the 


(a) A 


draft loss 


high 


(b) A combustion efficiency (i.e., heat release com 


pared with calorific value of fuel) of better than 99 per 
cent at maximum firing rate 

(c) Satisfactory flame stabilization, and optimum 
mixing of fuel, air and recirculation products 

(d) Satisfactory combustion over the specified turn 
down range (anything from 3:1 to 20:1). This is par 
ticularly important for automatic control systems 

e) Avoidance of pulsations for any loading in the 
desired range of operation 

Good heat transfer and combustion-chamber 

design 

(g) Tailoring of the flame to avoid damage to refrac 
tories or metal parts, especially the oil sprayer and air 
register, impingement on tubes or superheater elements, 
avoidance 


and of deposition of carbon or soot at any 


point 
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Overall Theoretical Combustion Requirements 


The first requirement is adequate heat transfer to raise 
the temperature of the fresh material to ignition point. 
There are several possible mechanisms, preheat, conduc- 
tion or radiation back from the flame, or recirculation, 
but in the pressure-jet system only recirculation is really 
significant. Assuming small heat losses, a ratio of 
recirculated products to fresh combustion air of 0.75 is 
about the minimum for this purpose, and it has been 
shown experimentally that the maximum combustion 
rate per unit volume is obtained at a ratio of about 4.0. 
A further increase in combustion products dilutes the 
reacting mixture, and slows down the combustion rate. 
With the exception of units such as small domestic 
boilers, heat transfer to the walls is unlikely to be 
sufficient to quench the flame in the combustion space. 
hus, provided the percentage of excess air is fairly 
low, incomplete combustion (i.e., low efficiency) can only 
result from insufficient time to complete the chemical 
and physical processes of combustion before the reacting 
mixture is cooled by the tube bank. 

From investigation of ignition delay, Mullins (8) 
has predicted that the maximum combustion intensity 
attainable in a liquid-fuel spray should be as high as 
3.9 X 10° Btu/efh/atm. This figure is apparently 
only slightly affected by vaporization, droplet size, 
turbulence or air/fuel ratio, and is almost the same for 
all hydrocarbon fuels. Longwell’s famous _ perfectly 
stirred reactor (9) has indicated that the maximum com- 
bustion intensity achievable by instantaneously mixing 
fuel, air and combustion products is 4 X 10° Btu 
cfh/(atm)'-§ with SO per cent completion of combustion. 
soth these results indicate that chemical processes are 
extremely rapid, and that the physical processes of 
mixing and evaporation are mainly responsible for in- 
complete combustion in any ordinary oil-burning system 

Applying the results derived by Longwell to cases of 
more immediate interest, Bragg (10) has shown that for 
higher combustion efficiencies in non-premixed systems 
the greatest intensity is obtained when 85 per cent of the 


stoichiometric air is brought into the homogeneous 
reaction chamber, giving 20 per cent of the fuel unburnt 
at the exit. A second chamber is attached where further 
air, up to 16 per cent excess, is added. For 99.9 per 
cent efficiency this secondary chamber must be the same 
size as the primary one. 

Thring and Masdin (11) have recently suggested that 
by mixing air stepwise down the chamber each time the 
reaction rate begins to fall off, even higher intensities 
could be obtained than in the homogeneous reactor. 
The effect of this system is compared with a Longwell 
type reactor in Fig. 1, the increase in combustion in- 
tensity being about 6 per cent. A good gas-turbine 
combustion chamber might approximate to something 
like this. 

These results must represent the target for practical 
combustion systems. Bragg’s result above, if translated 
into practical effect, would look something like the com- 
bustion chamber shown in Fig. 2. The Longwell results 
have been applied to gas-turbine combustion chambers 
by other workers (3) with some success. The conven- 
tional pressure-jet burner system is a long way from this 
ideal because the flame by no means fills the combustion 
chamber. The form of the oil spray used 1s also such 
that it is nowhere likely to approach a homogeneous 
mixture with the air, nor is it usually possible to have 
secondary air jets downstream of the burner as in the 
gas-turbine chamber. One advantage of a non-premixed 
system is that, with the correct aerodynamic arrange- 
ment, it should be possible to vary the local air/fuel ratio 
from distinctly rich at the entry to a weak final mixture, 
as in the Thring and Masdin suggestion, even without 
recourse to secondary jets. The exact understanding of 
the optimum course for mixing of fuel, air and combus 
tion products still awaits experimental investigation, and 
this work is being undertaken by some of the author’s 
colleagues. The theoretical work demonstrates never- 
theless the great importance of obtaining the correct 
mixing pattern in the flame; this depends principally on 
the aerodynamics and is discussed in a later section. 

By assuming that the combustion air velocity, and 
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Fig. 2—An ideal non-premixed combustor for high intensity combustion 


Zone I-—Fuel mixing with primary 
four masses of combustion products 
Zone III —Remainder 


completion to 99.5 | 


hence pressure drop at the burner, is the principal factor 
a reasonable indication of how well 
practical to the can 
obtained by plotting optimum combustion intensity per 
unit volume of the combustion chamber against absolute 


governing mixing, 


systems approximate ideal be 


pressure loss (7 The homogeneous reactor lies at one 
extreme, and all systems lying on this curve represent 
od attempts to satisfy a different compromise. 


real systems are often far from this 


equally ge 
As shown in Fig. 3, 
optimum, which means that either they are wasting 
pressure drop for other purposes than mixing and re- 
circulation, or else the combustion chamber volume is 
not being fully utilized. The line A represents the ideal, 
calculated on the assumption that the pressure drop 
arises entirely from the loss of dynamic head of the gases 
entering the chamber. Combustion intensity from this 
relation is proportional to 7/AP/P (where P is the total 
pressure and AP the pressure drop across the register). 
Che curve B corresponds to Lubbock’s empirical rule (12) 
where combustion intensity is proportional to (AP/P)’* 

The actual points represent typical values from different 


air Zone la—Fuel-air mixing with 
Zone Il Homogeneous reaction zone 


of air mixed in a reaction proceeding from 80 per cent 


ver. cent completion 


applications and, as will be seen, the mean line C for 
these points is nearer to the relationship combustion 


intensity « AP/P. 


Fuel Spray 


Turning from overall considerations to small-scale 
effects, the picture is far less complete. Fluid dynamic 
results for the behavior of moving bodies, the effects of 
drag, vortex formation, gas flow round obstacles under 
isothermal conditions and similar matters are discussed 
at length in the standard textbooks (13-15). 

However, as a useful review by the Battelle Institute 
points out (16), our knowledge of hydrodynamics, 
evaporation of droplets and turbulence in combustion, for 
practical purposes, is extremely inadequate, and 
further complicated by the differences in behavior be- 
tween single particles and the dispersed systems of 
interest to the engineer. Any problem concerning drop 
lets in turbulent combustion systems is bound to involve 
a large number of variables. Many of these are very 
difficult to determine experimentally, in view of the 
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problems encountered in establishing the precise condi- 
tions at any given point. 

The behavior of single droplets has been established 
with some success. There is little agreement, on the 
other hand, about the paths described by freely moving 
particles, although satisfactory corrections have been 
produced for Stokes’ law, notably by Langmuir (17). 

The process of droplet evaporation for liquids of fairly 
low volatility is comparatively well accounted for by 
Fréssling (18) provided that conditions are fairly uniform, 
although extension of this work to instances of high 
temperature and turbulence is badly needed. The 
relationship between heat and mass transfer, often 
treated as being virtually independent, also requires much 
more elucidation. For any practical calculations it is 
necessary to make rather drastic assumptions. Simi- 
larly for the calculation of droplet paths, it has been 
necessary to assume that the droplets behave as solid 
spheres, standard results for drag coefficients then being 
used (19, 20). 

Disintegration of liquids and droplet distribution 
have been studied by many workers. Although no 
theoretical treatment has yet proved really adequate, 
the Rosin-Rammler distribution is one of the least tedious 
to use and gives satisfactory results. The upper limit 
function proposed by Mugele and Evans (21) gives a 
slightly better fit to the observed data, and, since it 
takes into account the finite maximum droplet size, is 
probably more reliable for the calculation of mean 
droplet sizes (16, 22-26). It is not the purpose of this 
paper to discuss the different types of pressure-jet 
atomizer or the theory behind them, and good reviews 
are available elsewhere (16, 24—26). 

Droplet burning has been investigated both theoretti- 
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DROP OR PARTICLE DIAMETER 


Fig. 4—Burning times of some single liquid drops and solid particles 








lem. 1Ocms. 


cally and experimentally by a number of workers (27-29), 
and this has given some insight into the combustion 
process. The droplet size is of real importance to the 
combustion process in two ways. First, the difference 
in penetration and dispersion of different size droplets 
is one of the principal ways by which mixing of air and 
fuel is effected, and also has some part to play in stabiliz- 
ing the flame and establishing its shape. Second, burn- 
ing times of individual droplets are the other physical 
limitation of combustion efficiency, and some typical 
results are shown in Fig. 4 (7). The importance of 
burning times, and hence fineness of atomization, can be 
gaged when it is remembered that for combustion 
intensities of 10° and 10° Btu/cfh/atm the mean residence 
time for droplets in a boiler is 0.6 and 0.06 sec, respec- 
tively. The long burn-out time for the carbon skeleton 
makes this fact particularly important for residual fuels. 
For boilers, a Sauter mean droplet diameter of 100 yu 
or less is regarded as essential. From the point of view 
of combustion intensity, it is also desirable that the aero 
dynamic arrangement should permit as few particles as 
possible to come out in less than the mean residence 
time. 
Aerodynamics 

Understanding of turbulence has always been hindered 
by the lack of a satisfactory physical picture, and by the 
failure to correlate statistical or empirical theories with 
observed phenomena (16). The effect of both small 


scale and large-scale turbulence in combustion is to 
increase the mass transport and surface area of the flame, 
and has been used to account for the greatly increased 
heat release in a turbulent flame as compared with a 
laminar flame (3, 30, 31). 


In the combustion process the 
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Fig. 5—Alteration of flow pattern round a flat-ended rod under unignited 
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and ignited conditions 


predominating effect is the combustion-produced large 
scale turbulence, which is substantially greater than that 
due to the air flow alone 

All the theoretical mixing in 
mixing length give only mean results which are of little 


rhe entrainment of air by free jets 


methods for terms of 
practical interest 
has been investigated in some detail (32), but so far 
nobody has succeeded in estimating the course of entrain 
ment of gases by liquid-fuel droplets in a pressure-jet 


spray Chis result would be of some interest in deter- 
mining the necessary aerodynamics of the air surrounding 
the spray 

Even in simple arrangements flow patterns can_ be 
and at the 


any 


moment it is impossible to 
any 


quite complex, 


with accuracy the aerodynamics of 
practical burner unit 


to predict theoretically arrangements that will produce 


predict 
Nor, consequently, is it possible 


the mixing pattern demanded by the combustion con 
Here probably 
work is needed, if only to 


siderations discussed in earlier sections 
deal of 
produce some empirical rules and methods whereby the 
One 


most of all a great 
efliciency of a given arrangement can be estimated. 
partial solution, suggested for gas-turbine combustion 
chambers, is estimated in terms of the refreshment of a 
recirculating vortex (19 

Most of the classical work on flame stabilization has 
been carried out for laminar premixed systems, and the 
results to turbulent diffusion flames 
In general, flame 


application of the 
must at best be uncertain. 
stabilization is achieved by establishing an eddy system 
behind a bluff body. Predictions of the efficiency of this 
for simple systems in terms of blow-off velocity have been 
An important 
kept in mind, 
particularly in the interpretation of cold flow results, is 


distinctly 


made by a number of workers (33-36). 


practical consideration which must be 


the very large alteration observed in flow pattern be 
tween isothermal flow over the stabilizer and the con 
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dition where the mixture is burning (see Fig. 5) (37). 
The development of low-frequency pulsation, usually 
of the range from 3 to 40 cps, has been a serious em 
barrassment in widely differing types of boiler installa 
tion. The amplitude of these pulsations can at times be 
as great as the draft loss across the air register, and 
can result in a distinct alteration of the flame cone angle 
during each pulse. Putnam (38), working on small 
domestic boilers, has shown that this type of pulsation is 
non-acoustic, and has produced results indicating regions 
of instability without relating them to specific param 
eters of the combustion chamber or flame. The theory 
for ‘“‘chugging’’ developed by Crocco and Cheng (39) 
has rocket motors by 
Tischler and Bellman (40), and adapted to the case of 
conventional oil burners by Thring (41) and Fritsch (42). 
In essence, the theory depends on, as controlling factors, 
the restrictions in the system (e.g., at air register and 
stack), and postulates either a definite delay time between 
reaction rate variations and the consequent pressure vari- 
ation upstream of the constriction, or an inertial effect of 
the fluid flow in some part of the system. For certain 
ranges of conditions this can result in the development 
of a stable feedback oscillation mechanism powered by 
There is some disagreement in 


been successfully applied to 


the combustion process. 
detailed findings, but it is safe to say that for many 
installations there is unstable combustion at some range 
of loading, and that this is related, among other things, to 
the efficiency of mixing air with the burner fluid and the 
resistance to flow at the inlet and outlet. These factors 
are often easily modified, and this accounts for the fact 
that random alterations to the air flow through the 
register have often in practice cured the trouble. When 
this theory has been further developed, it should be 
possible to use it in designing boiler installations so that 
this trouble is avoided in the operating range. 


Practical Burner Systems 


Although the results of work on flame stabilization 
reviewed in section 5.3 cannot be quantitatively applied 
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Fig. 6(a)—1941-type Admiralty air register (impingement type) 
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Fig. 6(b)—-1943-type Admiralty air register with swirler and tip plate 
stabilizer 


to pressure-jet systems, it illustrates the essential part 
played by eddies and recirculation in stabilizing the 
flame. All flames of this type are maintained in the 
desired position by the establishment of an equilibrium 
between the rate of flame propagation and the motion 
of fuel, air combustion products. It must be 
remembered, too, that there will be quite large instan- 
taneous variations in the flame, although it appears 
Four typical burners and air 


and 


regular to the observer. 
registers are illustrated in Figs. € (a), 6 (b), 6 (c) and 6 (d). 
Each is stabilized by an eddy which is produced in Fig. 
6 (a) by the downstream construction of the burner quar], 
in Fig. 6 (b) by a flat baffle, in Fig. 6 (c) by a conical 
baffle with slots and swirl vanes, presumably to produce 
smaller eddies, and in Fig. 6 (d), which is a modern high 
intensity suspended fiame register, by a large swirler 
producing stabilizing vortices in the actual combustion 
chamber. The effect of the stabilizers used in Fig. 6 (b) 
and Fig. 6 (d) can be judged from Figs. 7 (a) and 7 (0), 
respectively, which are somewhat similar configurations 
obtained for gas turbines (19). 

Mixing of the combustion air in the systems illustrated 
is achieved in different ways, varying from 
directing the air into the oil spray at the quarl as in 
Fig. 6 (a), which is very sensitive to burner setting, to 
establishing a swirled-air cone round the spray in the 
suspended flame register illustrated in Fig.6(d). In this 
last instance, analogy with results obtained from a similar 
gas-turbine arrangement (20) shows how very sensitive 
the system is to shroud air flow round the atomizer and 
It appears to be easy to get a large vortex 


several 


swirler angle 
developing which carries the combustion air right away 
from the flame in the early stages, with consequent 
trouble from a secondary flame stabilized on the air 
register. Up to the present a study of the effect of 
swirl on mixing and flame configuration has only been 
undertaken for very limited fields (43, 44), and a much 
more general survey is badly needed. 

Methods of design employed for air registers have in 
the past been as much art as science. There seems to be 
a wide field not only for the use of the criteria discussed 
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earlier in this paper in the design of more efficient types 
of burner, but, in addition, for much greater under- 
standing of the flow patterns required to obtain stabiliza- 
tion and good mixing. The obvious techniques for 
experimental work are scaled-down units and cold air 
and water analogs (45-47). The scaling of such widely 
differing parameters as combustion intensity, turbulence, 
droplet penetration and so on, especially in systems with 
complicated aerodynamics, presents formidable prob- 
lems. This work is the special concern of the author's 
research. Many workers have regarded Reynolds’ 
similarity as being sufficient. However, the suggestion 
made by Thring (45, 46) of allowing for the change of 
density on combustion by altering the scale of the inlet 
relative to the combustion chamber, is obviously a more 
correct approximation. This means that the model used 
is a model of a system with all gas flow at the flame 
density, but with the correct inlet mass flow and momen- 
tum. Any method of scaling is bound to involve more or 
less drastic simplifications, and the important results need 
to be checked on the prototype. Nevertheless, model 
techniques can result in big savings in time and work by 
providing the most likely solutions to try on full-scale 
work, and in clarifying the processes involved. 

Very little consideration seems to have been given so 
far to the matter of gas flow through the boiler as a 
The big differences in temperature distribution 
and 


whole. 
reported for both power-station boilers (48, 49) 
marine boilers (50) indicate that the subject of aero 
dynamic design of boilers also requires study. This has 
been further emphasized by the study of flow patterns in 
a high combustion intensity marine boiler by one of the 
author’s colleagues (51). 

The interaction of several burners firing together, and 
the increase in pressure drop usually required when doing 
this, and such matters as the spacing and relative angle 
of groups of burners and the effect of opposed directions 
of swirl, are all problems the answers to which would 
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Fig. 6(c)—Babcock and Wilcox Carolina air register with conical diffuser 
and swirl vanes (some detail omitted) 
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Fig. 6(d)—Modern high combustion intensity suspended flame air register 


be of considerable interest ro mention a few specific 
examples, the heat transfer differences of up to 6 per cent 
for different groups of burners running at the same load 
(50), recently reported, have emphasized the importance 
of correct burner arrangement. Gollin (4) has recently 
drawn attention also to the need for evaluating different 
arrangements of station boilers; 
some possible arrangements are shown in Fig. 8. This 
last which cold model techniques 


would be particularly applicable 


burners in power 


problem is one u 
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Fig. 7(a)—Flow patterns in gas-turbine combustion chambers: eddies 


and flow reversal behind fiat plate stabilizer. 


Conclusions 


In general, modern trends are toward higher combus 
tion intensities, larger turn-down ratios in conjunction 
with automatic control and more efficient systems. The 
achievement of good mixing of fuel, air and recirculation 
products at all rates of firing requires the application of 
fundamental research to a much greater extent than has 
been done in the past, for the improvement of existing 
burners and the development of new types. The de 
velopment of satisfactory model techniques to speed up 
this work is also important, and the application of 
the one-twelfth water model 
and 9 (6) should provide a valuable 


analogs similar to scale 


shown in Figs. 9 (a 
tool at the drawing-oflice stage of the design of boilers and 
similar installations 
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Fig. 9(b)—Typical flow pattern obtained in this type of model, using 
polystyrene particles as flow indicator. In this instance the illustration 
shows a narrow plane one scale ft from the back wall of the analogue, 
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Magnetohydrodynamics (MHD) 


HIS imposing word describes what appears to be the 
first real break-through in power generation since 
Phomas Edison harnessed James Watt’s thinking to 
1 commercial scale. The ioniza 
3000 F 


produce electricity on 
SOOO F 

gases to conduct electricity is the key 
an MHD electric gen 
armature of a 


tion of gases at elevated temperature 
which allows the 
to magnetohydrodynamics. In 
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conventional generator) passes through a magnetic field 
and generates direct current which is tapped directly off 
the stream of hot gas 
In the open cycle, a fossil fuel is burned in high pres 


sure, high temperature air Combustion gases seeded 
with vaporized metal to enhance ionization flow through 
an MHI) generator producing direct current and then 
continue through the regenerator, superheater and boiler 
turbines to drive the air com 


Steam 1s used in auxilary 


pressor and to generate power 
Closed cycles using either chemical furnaces or nuclear 
investigated under a research pro 
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panies. With either type of heat source the very high 
thermal differential betweeen source and sink is the prime 
factor leading to higher thermal efficiencies. It is the 
tremendous increase in thermal efficiency that 
classes the new approach as a major breakthrough in 


cycle 
electric power generation. In recent years the increase 
of cycle efficiency has been a slow, painful and costly 
Now we have MHD offering thermal efficien 
cies up to 60 per cent. This is in marked contrast to the 
1) per cent achieved by the most efficient of our modern 


pre cess 


steam turbine plants 

The outlook is bright indeed but one cannot ignore the 
vears of development work required before the first prac 
tical commercial MHD generating station can go into 
service. One of the most critical areas for research and 
development in MHD is the direct generation of alter 
nating current. MHD researchers have hope in this 
direction but no definite ideas as yet. The ability to gen- 
erate AC directly is expected to bring about capital 
plant cost reductions up to 20 per cent. At present the 
estimated capital cost for an MHD plant of 450 Mw is 
about equal to the projected cost of a conventional plant 
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HE August 1959 issue of ComBusTION reported a 

question and answer session on ‘‘Water Side Boiler 

Tube Failures—Their Origin and Treatment,’ 
featuring Dr. R. C. Ulmer, Combustion Engineering, 
Inc., manager of research. It was acknowledged at 
that time that the remarks constituted one man's 
opinion and the views of others were sought. These 
other views prompted by the more provocative of Dr. 
Ulmer’s comments we print below. 


Boiler Tube Failures—An Open Question 


WATER TREATING COMPANY PARTICIPATION 


Dr. R. C. Ulmer: ‘The water treating company cannot contradict the boiler owner who hires him so he also blames 
the boiler.” 


E. P. Partridge “It would be pretty silly for the managers of the many major utility 

Hall Laboratories companies and the many large industrial plants who now retain the engi 
neering services of recognized water treating companies to spend good 
money just for yes-men. And it would be pretty silly for the water treating 
companies to try to build their consulting service by providing only nods of 
assent to those who are paying for the best technical recommendations. 

“In my opinion it is not bad that ‘the major boiler manufacturers have 
been forced to, in effect, operate water treatment departments.’ In our 
field water conditioning. we have found that we could not properly dis 
charge our responsibilities without studying fluid flow and heat transfer 
Out of intelligent discussion between people capable of understanding each 
other’s concepts has come most of what we regard today as good engineering 
practice.” 


I. B. Dick “Water treating companies are generally retained by operating utilities, 
Consolidated Edison Co frequently in the capacity of consultants to the utility’s own chemists. 
of New York, Inc Several of these companies have national or international practices, and a 
very few of them serve most of the biggest boilers in the country. Be 
cause of this broad coverage of all makes and types of boilers, they feel 
they have superior knowledge, based on experience and upon their excel 
lent modern technical facilities. Their personnel have been outstanding 
in introducing and sponsoring almost all modern developments in boiler 
water and feedwater treatment except coordinated phosphate-pH control 
These water treatment companies have weathered the storms of hysteria 
which accompanied nitrate treatment, sulfite, hydrazine, coordinated 
phosphate, ‘zero’ treatment, dispersive colloids and many others. They 
have been good blance wheels for the utility industry. They have, in 
general, approached their problems from a dispassionate scientific view 
point. It has been our experience that our water consultants have no 
hesitancy in differing from us and in recommending changes in treat 
ment and even in basic philosophy of our water treatment when they feel 
they have adequate justification. Your paper implies their advice and 
‘thinking’ are biased by their clients’ wishes, which in my opinion is grossly 
unjust and unjustified 
‘Boiler manufacturers, it must be remembered, are in a highly competi 
tive field. Their customers, who cannot possibly know as much about 
boiler design as the manufacturers, usually buy on price based upon 
some sort of a ‘specification’ that the customer has prepared. The terms of 


COMBUST IO N—December 1959 43 





T. Finnegan 
Niagara Mohawk Power Corp 


R. T. Hanlon 
Alchem Limited 


this specification are so loose that the manufacturer has wide latitude in 
design. Furthermore, the manufacturer’s guarantee on his boiler cannot 
be any more liberal than that of his competitors, since all are prescribed 
by the ABBMA Code, which is admittedly archaic and inadequate. 
Therefore each boiler manufacturer, in order to be competitive, takes full 
advantage of the looseness in the customer’s specifications and the in- 
adequacies of the Code, and offers the cheapest boiler he can. The re- 
sult has been the fabrication of many boilers that will not tolerate the 
water that the customer has in his system. The boiler manufacturer 
thereupon attributes all the troubles to water chemistry, although he 
was fully aware of the customer’s water chemistry at the time he contracted 
to sell the boiler.”’ 


“Larger companies, including most utilities, have their own specialists 
who watch the water analyses and supervise the water treatment processes 
as well as investigating problems of scale and corrosion and making the 
decisions concerning them. Frequently they also use the services of a 
water treatment company. In this case the latter does not supervise the 
work but instead functions as a consultant and a source of information 
which it is qualified to do because of its wide coverage of the field and some- 
times by its research facilities. 

“On the other hand, when trouble such as tube failures occurs, they are 
brought to the attention of the boiler manufacturer whose wide experiences 
with boilers of many types enables him to offer suggestions from his point 
of view. If the boiler manufacturer has a water treatment department he 
is better prepared to make the suggestions authoritative. 

“All three groups are represented on the Joint Research Committee of 
the ASME to which Dr. Ulmer refers and this gives potentialities to that 
committee which would not exist if any of the three were absent.”’ 


‘This is a very general statement and is essentially untrue. Any qualified 
engineer engaged in water treatment practice realizes that certain optimum 
conditions of feed and boiler water composition must be maintained to 
prevent internal boiler deposits and the boiler owner is always so advised 


To blame the boiler manufacturer would serve no useful purpose, when 
poor water treatment practice and/or control is the cause of these de- 
posits 

“In some instances where complex scales such as analcite or acmite are 
formed within boiler tubes, the boiler manufacturer is consulted not only 
by the boiler owner but as well by the water consultant. This does not 
imply that the manufacturer is ‘blamed.’ In most cases the owner or the 
consultant is only seeking information which may be of help in solving the 
problem, and in a number of cases, at least in the experience of the writer, 
minor changes in design have been highly effective in this connection 

“It has been our experience, as well as that of a number of boiler owners, 
that boilers are sold with certain provisions in the guarantee concerning 
boiler water composition in connection with the maintenance of specified 
dissolved solids, suspended solids and total alkalinity concentrations, when 
it is realized at the time the contract with the boiler owner is executed, 
that such provisions cannot be met with the type of makeup water then 
available 

“If a qualified water consultant is asked for his opinion at such time the 
boiler owner would be properly advised and recommendations made for 
the installation of makeup water preconditioning equipment to provide a 
boiler water which would meet the boiler manufacturer’s specifications 
Unfortunately, in too many cases, the water consultant is not hired or 
advised until shortly before the boiler is placed in operation 

“Then, if carryover occurs both the boiler owner and the water con 
sultant are faced with meeting boiler water specifications imposed by the 
boiler manufacturer without the installation of proper water pretreat 
ment equipment necessary to meet such specifications 

“Would it not be better practice in these instances for the water treat 
ment department of the boiler manufacturer to advise their customer in 
this connection, since such would eliminate considerable subsequent 
difficulties and misunderstanding ?”’ 
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V. J. Calise “My thought in reading this and other articles over the past twenty 

Graver Water Conditioning Co years is that while we must always strive for better methods through 
self-criticism and analysis, we must nevertheless keep in mind that the 
lowest heat rate and largest thermal plants in the world are still being 
designed, installed and successfully operated by the U.S. power industry. 

‘I must also point out that, as a designer and manufacturer of equipment 
used to purify makeup feedwater and condensate in these high pressure 
cycles, the responsibility which we as an industry bear has mainly to do 
with the performance of this equipment in meeting its prescribed chemical 
and mechanical guarantees. We also observe the effects of a wide variety 
of treatment and water purities on boilers and turbines in various high 
pressure cycles. We feel strongly that the quality of the technical as 
sistance and services rendered to the power generating industry by boiler 
manufacturers, water treatment and consulting engineers specializing in 
this field is of the highest order and far superior to what we have seen in 
European or Russian practice. 

“It is also important to bear in mind that there has been a great nar 
rowing of problems in this industry within the last 10-15 years. The 
various groups operating in this field such as the Joint Research Com 
mittee of the ASME,*the EEI, ASTM, and the generous policy of the 
industry itself in promoting the sharing of information between companies, 
have been very helpful in this regard as has the help of manufacturers of 
equipment and consulting engineers 

‘However, it seems to us that the power generating industry itself has 
not always been quick to appreciate or properly use all the information 
available to it for solving its difficulties. This may be due to the fact 
that the men involved in this industry are primarily mechanical engineers 
who have not always understood the profoundly chemical emphasis in 
manpower, organization and facilities required to be able to properly 
handle high pressure boiler plant problems Another point is the one 
made that the design of a properly operating ‘foolproof’ high pressure 
plant requires an attitude to totality in viewing the selection not only of 
boilers and turbines and makeup treatment equipment but of all other 
components in the cycle in order to avoid corrosion, leakage, de posits and 
other problems. Although the power plant chemist and chemical engineer 
has been given great latitude and assistance in many utility systems in 
recent years, much more can be done to improve their capability of serving 
the industry more effectively 


TUBE FAILURES 


Dr. Ulmer: Rather, thinning of the tube from attack by concentrating botler water salts in the deposit 1s the common 
of faalu ich cases metal temperature may only be a few degrees over that which would exist when no deposit 
1s sufficient to cause concentrations of boiler water to several per cent strength and if free caustve 


bosstble embrittlement of the tube can occur 


E. P. Partridge Because engineers accomplish desired ends by a change in technology 
Hall Laboratories faster than they can fully comprehend all the new facts relating to the 
change, they must always use not only facts but to some extent opinions 
Dick Ulmer is entitled to his opinions; he should know it to be a fact, 
however, that internal attack of wall tubes as similar as the proverbial 
three peas in a pod has occurred in various high-pressure, high-temperature 


high-capacity boilers in which the water: (1) contained free caustic, with 
a pH of about 11; (2) contained no free caustic, but only the captive 
alkalinity of coordinated phosphate-pH control, with a pH of 10.0-10.5; 
(3) contained no more than 1-2 ppm of all dissolved substances, with a 
pH of about 8.5. Each of these chemical environments has proved ca 


pable not only of gouging away the steel, but also of developing severe 
hydrogen damage in the remaining metal 

“Since caustic could scarcely have been responsible for the attack in the 
latter two cases, we have to say that some other factor or combination of 
factors can cause the same kind of damage for which we have been ac 
customed to blame caustic. Since our organization has probably empha 
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sized the possible dangers as well as the probable benefits of caustic in 


more technical papers than anyone else, we are concerned with the cur 
rent tendency to force caustic into the unvarying role of unmitigated villain 
assigned in the past to dissolved oxygen. Remember when every failure 
in a wall tube was attributed to dissolved oxygen? 

‘Dick Ulmer has noted that water treating companies do not all recom 
mend or use the same treatment. We would like to emphasize that any 
one engineer of our staff actually makes different recommendations for 
different boilers, in the same way that a physician tries to treat the in 
dividual patient rather than an unreal standardized ‘average man.’ 


“The boiler owner, since the advent of the first high pressure boilers, 
has heard the same tune: “It is your water chemistry.’’ However, the 
words change from time to time. In 1938 it was mostly failure to supply 
proper quality of makeup water and failure to maintain adequate internal 
treatment. In 1948 it was almost entirely dissolved oxygen that was 
entering with the feedwater, passing through the economizer without 
reacting, getting through the drum without escaping into the steam, passing 
through the downcomers without reacting, and waiting until it was half 
way up a wall tube before it bit a hole in an otherwise good boiler tube 
$y 1958S this is all gone and forgotten and all the trouble is due to caustic 
soda which concentrates under sludge blankets and bites holes in boiler 
tubes. At various times we have been told to: Keep up the alkalinity, 
keep up the phosphate, add sulfite, add morpholine, add ammonia, add 
hydrazine, and now cut out the alkalinity and reduce the phosphate 
During all these years we have been regaled with tales of how others have 
solved problems identical to ours by some combination of the above nos 
trums. To take one instance: A few years ago one of our boilers had an 
epidemic of tube failures in the screen tubes of the superheater arch 
hese failures were all in double bifurcates; four tubes originating from 
one nipple from the lower water wall header. Our diagnosis said too little 
water. We were assured by the boiler manufacturer that the entire 
trouble was dissolved oxygen in feedwater which was reacting in the feed 
water system (note the change signals here) forming iron oxide which in 
turn precipitated in the arch tubes and caused overheating, caustic attack 
and ultimate tube failure. It was recommended that we tighten up on 
our deaeration practices and add an oxygen scavenger and a volatile alka 
line chemical to our feedwater Three other utilities were cited as having 
solved similar problems by these means We agreed to tighten deaerating 
practices as good housekeeping. We also sought information from the 
three other utilities named. In each case we were assured the solutions to 
their problems were purely mechanical, and that no change in chemi 
cal treatment had been made or was contemplated. In our case, the 
second set of bifurcates was removed. Time may prove this was the solu 
tion to our problem. Incidentally, removal of the second set of bifurcates 
did not increase superheat temperature or stack losses as had been feared 
in some circles 

“We have boilers built in 1941 that have excellent records of tube failures 
in spite of extremely high heat releases and of direct flame impingement on 
wall tubes. In the same station, and operating on the same water with the 
same chemical treatment, we have other types of boilers, also built in 1941, 
that have had their entire furnaces rebuilt because of corrosion. We have 
a boiler built in 1951 that has never lost a tube, and we have a boiler built 
in 1953 that has lost almost 200. All these boilers receive and always have 
received identical chemical treatment. We have two identical boilers 
side-by-side in the same station, one with a good tube failure record and 
one very bad 

Why? We don't know. I believe it is because of circulation rates and 
heat distribution and release. Design factors have been so skimped that 
boilers operate mostly on the narrow edge of perdition. Very small 
differences in operation are critical. Drums cost money. To keep drum 
size down, circulation is reduced, so there is less circulating water to be 
handled and to be separated from steam. This means fewer downcomers, 
smaller headers, and fewer steam delivery tubes. The boiler becomes 
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cheaper all around. Then to cap the climax, the operator will probably 
try to run it at 110 per cent of nameplate rating. And when failures 
result, water treatment is blamed. 

“Recently we have heard a great deal about ‘zero’ treatment, which is 
the use of volatile chemicals only. Although your paper indicates this 
was a development of the once-through boiler, I think its actual practice 
far antedates that. It has been widely used, and in some cases abandoned 
The current upsurge seems associated with two controlled circulation 
boilers in a utility power plant which had such a severe carry-over problem 
that the operators tried zero treatment as a gamble because it was the 
only livable condition for their turbines. The zero treatment worked and 
has subsequently been extended to other boilers in that utility's system 
That it is not a cure-all for tube failures is proved by the fact that certain 
of the boilers so treated developed severe tube failure histories 

“We are now being importuned to use low-range coordinated phosphate 
pH control in our new controlled circulation boiler scheduled to start in 
1960. The record shows that boilers operating on the coordinated phos 
phate system have not been free from tube failures due to internal corrosion. 
Furthermore, our history discloses that condenser leaks occur with some 
frequency, and that free caustic alkalinity is desirable to condition properly 
the magnesium sludge formed from the salt water inleakage. 

“That we are not hide-bound or wedded to our conventional treatment 
is demonstrated by our recommendation for a trial coordinated phosphate 
in a unit where we thought it justified. This recommendation, by the 
way, originated from our water consultant. Furthermore, we are planning 
to operate our nuclear plant at Indian Point with ‘zero’ treatment, which 
is revolutionary, and so far as I know is pioneering in a large power reactor 

“All of this discussion of water treatment overlooks the obvious fact 
that steel and water react to form iron oxide and to liberate hydrogen 
All high pressure boiler steam contains hydrogen. All high pressure boilers, 
regardless of water treatment, contain iron oxide. Part of this iron oxide 
is formed in place, as proved by a hydrogen balance on the boiler. Our 
analyses of chemical cleaning operations indicate that at least four times 
as much iron oxide forms in the boiler as is carried in the feedwater. The 
rate of reaction of water and iron is a function of temperature. If we 
accept the old rule of thumb that the rate of reaction doubles for every LOC 
(18 F) temperature rise, then a 200 F rise in tube temperature, which is 
metallographically undetectable, accounts for some 2000 times accelera 
tion in corrosion rate. And here we run into a blank wall. What causes 
such increases in wall temperatures? We do not know for certain 
Sometimes we find patches of scale or ‘barnacles’ in a tube, but what caused 
the barnacle to start at that exact point? Sometimes we find a thin, hard, 
dense mill scale. Sometimes there is nothing tangible. You may say 
the basic trouble is iron oxide carried in with feedwater. I ask you if you 
can give me any reasonable proof it was not a steam blanket brought 
about by sluggish circulation and local areas of high heat input. It may 
be that caustic soda, concentrating under a steam blanket or under a 
patch of scale, will speed up corrosion, but surely you cannot say that 
corrosion will not occur without caustic soda. It is a fact that ‘zero 
treatment boilers we have seen show corrosion and are black with mag- 
netite, apparently formed in place. And I have seen no proof that caustic 
soda is necessarily an accessory to rapid corrosion and failure; but I 
have seen excellent evidence that generously designed boilers will operate 
for many years without tube failures even though they have always been 
treated with caustic soda.”’ 


‘I am very much interested in the discussion of boiler water treatment for 
high-pressure boilers. My organization’s chemical people agree that high 
caustic alkalinities should be avoided in order to minimize attack of tube 
metal under deposits by concentrated boiler water. In order to avoid 
high caustic alkalinities we have maintained coordinated pH-phosphate 
control of water in boilers operating from S00 to 1800 psi with consistently 
good results. In one 2000-psi boiler this treatment has given satisfactory 
results also. 
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J. M. Decker “The coordinated pH-phosphate control used consists of maintaining 
The Detroit Edison Co the 
pH 10.4 to 10.8 
Phosphate, PO, 4) to 60 ppm 
Hydrate, OH +5 ppm 


In another 2000-psi boiler it was impossible to keep 40 to 60 ppm of 
phosphate in the boiler water. The exact reason has not been determined 
as vet Che treatment then was modified to 


pH 10.0 approx 
Phosphate, PO, 5 to 15 ppm 
Hydrate, OH to 3 ppm 


rhis treatment has given very satisfactory results for the past two years 

We have two 2400-psi boilers in which we are maintaining both low 
hydrate and phosphate concentrations One of these boilers has been 
operating satisfactorily for approximately one year; the other for a few 
months 

[ am not in favor of operating boilers that have drums and steam 
purifying equipment with so-called zero or volatile treatment. It seems to 
me that by using those treatments one of the principal advantages of drum 
type boilers is being lost The drum ts a costly part ol a boiler and should 
be used to the very best advantage possible; one advantage being that the 
drum provides a place for separating steam from boiler water containing 
salts that are added to or enter by way of condenser leakage Once 
through-type boilers lack this advantage Usually, however, polishing d 
mineralizers are provided in the feedwater circuits to compensate for the 
idvantages lost by eliminating drums. Sulzer-type boilers are a com 
pronuse between the drum-type and once-through types, possessing som«e 
of the advantages of each 

I contend that (1) if one does not want to use boiler water treatment 
he should buy boilers without drums (once-through type) and use part or 
ll of the money saved for buying feedwater polishing equipment; (2) if 
one has a boiler with a drum and steam purifying equipment in which 
water treatment salts, even in very low concentrations, cannot be main 
tained, steps should be taken to correct the condition 


IRON AND COPPER CORROSION 


Dr. Ulmer: 


J. M. Decker Similar statements have been made elsewhere Phere 
Detroit Edison little question regarding the correctness of the statement as applied to 


copper. Since in most cases boilers have no structural parts made of 


copper or copper alloys, obviously, the copper and copper oxid 


e in deposits 
must be carried into them by the feedwater They are corrosion and 
erosion products from the condensers and feedwater heater tubes Phe 
source of the iron oxide is not as obvious. It can come either from within 
the boilers or from the fvedwater systems. My opinion is that the most 
of it comes from within the boilers and normally only a small part is carried 
into boilers by the feedwater 

During the past few vears, we have cleaned copper from boilers on 
occasions after service periods ranging from 6 months to 6 years Dw 
copper removal methods have been used, the ammonium hydroxide 
bromate and the hydrochloric acid-complexing agent techniques 

Iron oxide also was removed from these boilers and trom three new 
boilers that had produced no steam or very little prior to cleaning. Data 
from these experiences lead to the conclusion that of the amount of iron 
oxide removed by chemical cleaning only a small part was carried into the 
boilers by feedwater and that most of it formed at the surfaces within the 
boilers 

[ would like to point out that I am now trying to de-emphasize the 
importance of keeping iron oxide concentrations in feedwater at low values 
since I feel that anything in feedwater that contributes to deposits on 
boiler heating surfaces should be avoided if possible 
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“We agree with Dick Ulmer that generally, the makeup feedwater 
purity available from evaporators or demineralizers for treating 0.5-1 
per cent of the total feedwater flow is satisfactory for the high pressure, 
drum-type blowable boiler plant. In the main, such plants in the 1800 
2400 psig range have had little or no difficulties when properly designed in a 
‘total cycle’ sense, with: (a) proper condenser and heat exchanger design, 
(6) proper materials of construction, (c) a closed, fully deaerated cycle 
with main heater and/or condenser deaeration, (d) proper drainage and 
venting of stage heaters, (e) ample low solids, low silica cooling water 
available, (f) proper internal chemical treatment, (g) controls and _ pre- 
cautions to be taken as noted by Dick Ulmer. However, it has been clear 
to many in the industry for quite a few years that even with a drum-type, 
blowable boiler and a ‘tight’ cycle, at pressures above 1800 psig, serious 
problems of Fe and Cu corrosion can be encountered sometimes together 
with turbine blade silica deposits plus the requirements of higher blow 
down and higher makeup to maintain TDS and SiO» in proper range for 
continuous high load operation 

“It has seemed to us that the tools of internal chemical treatment and 
extreme external makeup water treatment purity (only 0.5 to 1 per cent 
total evaporation), even with good cycle design and proper materials and 
equipment selection, are not always enough to permit complete and posi 
tive internal cycle contro] of impurities in the feedwater in many high pres 
sure plants. Apart from the variations of applied chemical treatments in 
such plants, such problems exist where very high solids or brackish cooling 
waters are used as in the case of seacoast area plants, or in plants where the 
cooling water contains high siliceous or other turbidity or organic matter 
Impurities introduced into the cycle through vents, drains and condensers 
and makeup have been estimated to cause up to 1 per cent thermal ef 
ficiency loss in the overall cycle over the initial 3-5 year high load operating 
period. Furthermore, the generally long period of startup before high 
load is attained which is characteristic of all plants above IS00 psig, 
regardless of cycle chemical cleaning method, due to the need for removing 
slow leaching or slow equilibrizing impurities within the cycle, takes its 
toll in low efficiency. It does not take much condenser weepage or leak- 
age to appreciably affect the pounds of solids added to the cycle, regardless 
of extreme makeup water purity 

‘There is still no commercially proved method of removing Fe and Cu 
from the feedwater at a point just ahead of the feedwater introduction into 
the boiler at temperatures above 300 F. High-rate filter, mixed bed 
scavengers treating all or a portion of the condenser pump discharge 
produces total solids on the order of 30-50 parts per billion and 3-5 parts 
per billion of suspended solids, 5 parts per billion of SiO. and other im 
purities, or what we in the industry now call ultra-pure water 

It would be pertinent also to mention here that in line with Dick 
Ulmer's zero treatment prescription and the fofa/ look at all components in 
i cycle when designing a plant, more and more utilities in the European 
area, and now in the U. S., are evaluating and using steel tube stage heat 
exchangers, steel tube in evacuation sections of condensers to avoid copper 
corrosion product pickup, and high ammonia-hydrazine treatment at a 
pH of 9.5. In many plants with high Fe and Cu pickup, it may be of 
great advantage to have available a high temperature filter to remove Fe 
ind Cu at some point above the low pressure stage heaters and as close to 
the boiler as possible. Tests with our millipore Automatic Tape Analyzer 
or “‘Crudometer”’ show that such a high temperature ultra-filter, now under 
development, will have application in these plants 

“In closing, I want to plead for utility engineers to give full consideration 
to high-rate filters and condensate scavengers for their high pressure 
plants above 1S00 psig, taking into account all of the costs and advantages 
including the considerable simplification of makeup feedwater treatment 
equipment as was found at Little Gypsy Station 


CLEANING 


Dr. Ulmer: “Vormal operation does not appear to be a problem with proper designs of preboiler systems. That is, 
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vhen a proper feedwater 1 llowever, attention should be given to initial cleaning, storage when ‘idle,’ drawing 


proe edure 


Examination of analyses of drain solvents taken at the time of removal 
of mill scale from a new boiler indicate that, in many cases, several thousand 
pounds of iron oxide may be removed. We have evidence which indicates 
that initial cleaning, prior to operation, makes maintenance cleaning easier 
It also appears reasonable to clean the preboiler 


R. B. Rosene 


Dowell Incorpor ited 


and more satisfactory 
cycle to prevent carrying of this debris into the boiler proper 

During periods of normal maintenance cleaning, it is not unusual to 
remove 2000 pounds of iron oxide, along with 200 pounds of copper and 
possibly 50 pounds each of nickel or zinc. The origin of and transport 
of these materials into the boiler 1s understood \ thin uniformly deposited 
film of these materials is slowly built up. A single fill treatment has been 
highly successful in removal of this type of deposits 

Another type of deposit is encountered which is more difficult to 
remove and points out the need for initial cleaning as well as frequent 
maintenance cleaning as preventive measures. We are now considering 
very hard dense localized deposits which form in high heat input zones in 
gently sloping tubes \ plug of magnetite is generally formed; copper 
nay Or may not be present Metal attack in these immediate areas may 
be very severe; in some cases, embrittlement of the metal has been ob 
served. We believe these growths are due to a physico-chemical reaction 
Preboiler deposits and foreign debris which settle in these areas promote 
nucleate boiling The accumulations promote concentration of the 
alkaline boiler water Due to the steam-iron reaction and attack by 
caustic, rapid metal destruction occurs 

It is needless to say that such deposits are removed only with great 
difficulty \ccessibility and isolation of the areas for localized treatment 
is one of the major difficulties. If the initial deposit build-up is prevented 
or removed before boiler water concentration sets in, the severe attack 
observed will not likely take place Chis is of course our belief only. It 
raises the question ol how often should a boiler be cleaned? Certainly 
initial cleaning is to be recommended in all cases; in cases where problems 
of localized deposition exist, cleaning should be on a more frequent schedule 


than where uniform deposition occurs 


IN REBUTTAL 


t then and we still think that frank discusston of 
these problems may lead to a better understanding of the 


Dr. Ulmer: The iginal discussion was prepared though 


wecause the owe [ blagued wath borler 


tual broblen at a ar too frequent. It wa problems and to their solution 


mUe 


The discussion received to date has been most from the past where ‘boiler water treatment is not the 
gratifving It shows definite interest in the problem and responsibility of the boiler manufacturer.’ It still 
solution of should not be but that does not mean that the boiler 


when such interest has existed in the past 
After all every 


the problem or at least improvement has resulted manufacturer should not be part of it 
It is expected that still further discussion will be forth boiler the boiler manufacturer furnishes becomes in 

Pherefore, no specific closure is offered at this effect a laboratory. Certainly he has an excellent op 
Rather a general discussion is presented portunity to establish what treatments work best and, 


to be in a position to make suggestions that 


coming 
Linnie 

\ considerable amount of comment involves the — therefore, 
iuthor’s statement that the boiler owner and water — will be helpful 
treatment company are prone to question boiler design Referring now to some of the points raised in the 
It is understandable that both the water treating discussion certainly the subject of boiler circulation 
company and boiler owner would have this opinion. came in for its share of attention. This should be the 
first time the case since as pressures increase there is less and less 


The fact remains that in many cases the 
circulating head. Our design department, that 1s, 


boiler manufacturer is aware of a problem is when he is 
Combustion Engineering, Inc., is confronted with this 
Here are some of the items that must be 
Vaughan, Supervisor 


informed that tube failures have occurred and _ the 
boiler water consultant questions ‘circulation Would = on every job 
it not be better for the three parties to be in agreement considered as related by P. H 
on these matters initially \dmittedly this is a change General Engineering.”’ 
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‘Operation on the Narrow Edge of Perdition’ as described by Mr 

I. B. Dick of Consolidated Edison Co., is a very realistic statement covering 
operation of some high pressure natural circulation boilers today. Mr 
Dick observed that generously designed boilers will operate for many years 
without tube failures. He has further suggested that ‘skimpiness’ of 
design may be the reason why some boilers are subject to repeated furnace 
wall tube failures 

“Controlled circulation is the best answer we have to the above situation 
and, for the past ten years, C-E has recommended the use of controlled 
circulation for throttle pressures above 2000 psi. Many utilities, 
however, continue to specify natural circulation boilers while going on to 
higher and higher pressure levels. Faced with this continued demand for 
natural circulation boilers at higher pressures, boiler companies have 
attempted to put out a well designed unit in spite of the shrinking circula 
tion force as steam density and water density converge at higher pressures 

“The boiler designer does not have much to work with however. At 
2000 Ib pressure the available head is down to 9 or 10 psi on a one million 
lb capacity boiler operating at six to one circulating ratio. A pound or so 
of this must be used for steam generation. There remains a circulating 
force of S'/2 psi which must overcome all entrance losses, exit losses, and 
friction losses of all downtakes, heated tubes and relief valves. It must 
assure a more or less uniform flow through the 500 or more parallel furnace 
wall tubes and at the same time maintain sufficient velocity to protect 
even the least favorable tube. The designer proceeds with his design 
There are other considerations far more pressing at the moment. He 
must get his heat release down to prevent slagging, but he must still 
have sufficient furnace exit gas temperature to satisfy the requirements of 
superheat and reheat. Also, he must consider the requirements for 
completing combustion in the furnace. With the prime design require 
ment met, he can now go back to considering circulation 

“From a practical standpoint, heat absorption is far from uniform on 
furnace wall tubes. Because the furnace is rectangular, the corner tubes 
receive less heat. Frequently an arch extends out into the furnace cavity 
from the rear wall. This results in shaded areas where different absorption 
rates exist. Burners that will give uniform absorption to all tubes cannot 
be installed and because burners are installed in localized areas there will 
always be zones of higher heat absorption 

3esides the variation in heat absorption, the furnace wall tube circuits 

are of different lengths. The rear wall may discharge directly to the drum, 
the front wall may continue across the top of the boiler to form the roof, 
and the side walls may discharge to the drum through a system of relief 
tubes. Faced with the unequal heat absorption and the non-uniform 
circuit lengths, the S'/, Ib available head is inadequate to assure much 
margin for differences in operation 

“There are many things that the designer has learned to watch out for, 
mostly by way of bitter experiences. Unequally heated circuits are iso 
lated so that the better circuit cannot jeopardize circulation in the poorer 
circuit. Minimum slopes are established for exposed furnace floor tubes, 
arches, etc. Uniformity of heat absorption can be better assured by 
use of cut-off corners in furnaces. Special care is taken to assure that 
particular furnace tubes are not buried for extended lengths due to neces 
sary offsets to accommodate burners. Drum internals are designed to 
clearly define riser and downtake circuits. Steam separators are designed 


with the minimum practical pressure drop in order to leave as much as 
possible of available head for boiler circulation. Minimum circulation 
ratios are established for various operating pressures. Studies are made 
and sufficient downtake and relief tube areas are provided to satisy these 


prescribed levels 

There are other considerations in connection with heat release and 
burner locations which are beneficial from the standpoint of circulation 
Maximum average heat releases are established at 80,000 to 140,000 Btu 
per square foot depending on the fuel. Localized maximum heat absorption 
is limited by specifying maximum heat input per burner based on the 
geometry of the furnace. Minimum clearances are established between 
burner and adjacent floor or walls. All of the above and many others are 
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taken into consideration in boiler design. That is, every ‘practical’ 
means is taken to insure a Satisfactory operating boiler 

However, there are always bound to be some localized conditions 
which cannot be forseen or completely corrected for in the design stage 

It is necessary therefore to establish a standard for circulation which 
will include a tolerance to cover the variations. This company has estab 
lished a circulation ratio of 6 to 1 at 2000 lb drum pressure as a guide to 


circulation design on natural circulation boilers 
We believe this is adequate. We have over 5) controlled circulation 
boilers in operation today at drum pressures above 2000 psi. These units 


have been designed with an average circulating ratio of 4 to 1 in each of 
the furnace walls or panels. The operating record on these furnace wall 
tubes has been good. It has been concluded, therefore, that a 4 to 1 cir 
culation ratio is adequate provided that each wall in the furnace can be 
maintained at this average. Since this cannot be maintained on natural 
circulation units, a 6 to 1 circulation ratio has been established as a design 
lactor Phe oO per cent excess of circulation over the 4 to 1 circulation ratio 
is considered to be the tolerance 


Dr. Ulmer: ould uttention is contrel o / ision of treatment. Profess 


ial covered 


Prof. F. G. Straub Chis discussion is very enlightening; however, there is one point 
University of Illinoi which should receive more consideration. Various chemical treatments 
ire discussed without stating who shall be responsible for the mainte 
nance of these treatments Many power plants have been operated at 
relative low steam pressures before the newer higher pressure equipment 
has been placed in service The chemical control in the lower pressure 
plant has not been considered critical and it has often been handled by the 
regular operators who have conducted relatively simple chemical tests at 
rather irregular intervals. When the new equipment is placed in service 
the chemical control is often a mild modification of that previously used 
ind after a period of operation under these conditions water side tube 
failures occur In many instances these failures are traced to inadequate 
chemical control 
Most of the chemical controls for the higher pressure boilers require 
the use of instruments and chemical procedures which the operators do 
not have the time nor the knowledge to handle correctly Once the 
limits of chemical control have been established they should be under the 
supervision of men having sufficient chemical and engineering training to 
comprehend the various problems encountered. These men should be at 
the operating level in the plant so they will be familiar with the day to day 
operation heir work should involve more than the collecting and an 
alyzing of various samples They should be able to detect variations 
from the normal and able to conduct additional tests to establish the 
causes of the variations These men should fit into the organization at a 
level where their compensation as well as authority is such as to attract 
ind hold responsible thinkers 
When management recognizes that the chemical control of the treat 
ment in the larger steam power plants is a full time position requiring well 
trained men the largest portion of their water treatment problems will be 
solved. Cost of these men will be a small investment compared to the 
savings which will result by continuous operation without unscheduled out 
iges caused by boiler tube failures 





CORRECTION NortIct The Vovember issue of 1959 The article was translated by V. A. Ferencko 
COMBUSTION carried the article “Vibration Cleaning Combustion Engineering, and should have been so noted. 
of Boiler Heating Surlace from lep oener ge tika, July Our apologies 
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At a time when the cries for improved engineering 
education and application of engineering skills are 
most frantic we are happy to present a clear and 
well-considered program designed to help meet both 


objectives. 


Perhaps the most striking aspect of 


Commander Brooks’ suggested program is that it can 


be accomplished within our 


present educational 


structure—without vast expenditures—and it can be 
accomplished now. 


Improving Understanding by Guiding the 
Selection of Thesis Subjects 


By COMMANDER R. L. BROOKS, USN? 


Introduction 


WO problems which have been much discussed in 
recent years are the shortage of well-qualified engi 
neers in this country, and the weaknesses in our 
system of educating students for engineering and scientific 
fields. If we assume that these discussions have 
demonstrated that there is such an engineering shortage 
and that the education system does have weaknesses, 


may 


then it would appear that suggestions are needed which 
give promise of improvement for either or both of these 
problems 

One such suggestion is presented below 
involves setting up of close working relationships, in 
selection and execution of thesis 


Briefly, it 


order to improve the 
subjects, between research activities and universities. If 
properly handled, such relationships could result in direct 
benefits of considerable importance to each research ac 
students, while side benefits would also 
to the universities. At 


tivity and to the 


accrue year by year the same 
time, mutual understanding would be cultivated and a 
broader community of interests would grow up among 
the students, the professional personnel of the research 


activities, and those representing the universities. 
Need for Improvement in Education 


Launching of the first Russian satellite was quickly fol 
lowed by a public outcry against the many alleged defects 
While the primary target of 
this emotional reaction was the secondary school and its 


in our educational system. 
partial failure a proper back 
ground and motivation toward the sciences; critical at 
tention has also been directed at other parts of our educa 
his attention was to some extent only a 
earlier discussions of the for im 
As one example of such dis 
the Engineers Joint Council 


to give our youngsters 


tional system 
continuation of need 
provement in our schools 
cussions, in June 1956 (1), 
pointed out the need for professors to state clearly the 

* Reprinted from the Jou i the Ame in Soctet f Naval Engineers 
Ty August 1959 

t Senior Assistant to the Supervi 
Ordnance, Camden, New Jersey 


or of Shipbuilding and Naval Inspector of 
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employment conditions that students may expect as 
professional engineers, in order that the movement to- 
ward unionization of engineers might be counteracted. 
This movement was believed to result from a failure to 
recognize adequately the needs, responsibilities, and con 
tributions of professional employees. The Council also 
emphasized that colleges must develop in engineering 
students an understanding of professional concepts by 
demonstrating the application of these concepts to the 
solution of actual engineering problems. A need to ex- 
pand opportunities for engineering educators to become 
better acquainted with the total environment in which 
engineers must work was also stressed. For this purpose, 
the Council recommended temporary employment of 
educators in nonacademic fields, and the utilization of 
employers with ‘‘professional vision’ in classrooms and 
in student seminars. Such action would enable students 
to appraise more realistically their status following 
graduation. 

It has been estimated that SO per cent of all engineers 
are employees rather than private practitioners, which is 
not the case with other professional people such as most 
doctors and lawyers. their every day 
problems are often concerned more with getting things 
done by people than with working out textbook type 
a fact sometimes overlooked by engineering 


Engineers in 


solutions, 
colleges. 
From such ideas, one could conclude that engineering 
schools ought to teach their students more than is now 
being taught about the day to day operation of engineer 
ing organizations, and the problems of working with and 
through other people. Otherwise, the student may not 
learn during his college days how to evaluate information 
that can only be generated progressively or how to reason 
in harmony with others from incomplete data to produce 
necessary day to day decisions. If these concepts were 
carried out by more engineering schools, graduates would 


of the author and are 
or of a 


onal opinion 


The views expressed herein are the per 
department of Defense 


not necessarily the official views of the 
Military Department 
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be able to enter upon their active professional careers 
with a better understanding of exactly what an engineer 
is and does 

Various steps have already been taken, principally by 
the students’ understand 
One such step is 


school authorities, to improve 
ing ol engineering in ac tual practice 
the cooperative plan, following the pattern of vocational 
schools, in which students spend fixed terms working as 
engineers with industrial companies. Also, many engi 
neering prolessors carry out research investigations for 
industry in a consultant capacity. In several cases, fully 
developed research organizations have grown up along 
side the parent educational institution 

Che serious weaknesses which still exist, even though 
improvements have been made, caused Dr. Griswold of 
Yale | 
no further 


Washington to do something 


niversity to state: “Unfortunately most of us get 


than damning the schools and waiting for 

ibout them” (2) 

A Suggestion for Improving the Handling of Thesis 
Subjects 

Phe proposal presented here involves the following 


ments 


a) An outline of suggested thesis subjects would be 
pre pared ibout once a vear by each research acitivity 
which desires to participate in such an endeavor 

(6) Such outlines would be worked up by program 
managers and would, for each subject, give a brief 
description of the work needing to be carried out, indi 
cate its importance in a current or projected field, show 
its relation to key reference material, indicate equip 
ment and calculating machines that will be needed 
name of the engineer at the research 


ulable for 


and give the 


activity who would be ay idvice and coor 


dination 

c) These outlines would be furnished to several 
colleges which offer degrees in appropriate fields and 
which desire to receive such assistance 

(d) Thesis supervisors at the colleges would use the 
latest outlines in assisting students to select a subject 
the 


Supervisors would continue to exercise direct 


which most nearly satisfies individual student’s 


needs 
authority in determining adequacy of the subjects 
chosen and quality of results achieved, in relation to the 
required academic standards 
é) Each student would then carry out his work of 
thesis preparation, experimentation and write up 
In order to assure that the thesis work helps to 
satisfy the needs of the research program from which 
selected periodic reports should be 


the subject was 


submitted to the program manager, and his guidance 


reque sted Chis can best be iccomplishe d by pe rsonal 


visits of the student where possible 


Chis system would satisfy the requirement given by 
Captain Chadwick in reference 3, that a 


provide practice to the student in combining study with 


thesis should 


creative endeavor to demonstrate the natural interchange 


between education and design in advanced areas in- 
habited by outstanding teachers. 


Benefits That Could Result 


For each thesis that is carried out under this system, 
substantial benefits could be gained by the student, by 
the thesis adviser, and by the manager of the research 
program. But, probably the most important result is 
the improvement in understanding which should come 
from the closer contacts. 

The student who carries out 
manner, gains the confidence that he is working on a 
subject of worthwhile value and of current importance; 
he gains a direct and welcome access to personalities and 


a thesis selected in this 


organizations actively engaged in research work; he 
gains a feeling of contributing a necessary part to the 
overall team effort; and he gains the chance to seek em 
peoyment at this same research activity after complet 
ing his college work. Possibly his most important benefit 
is the opportunity to observe actual working conditions 
as they exist in practice, and thus be able to make a 
better choice when he takes a job and begins his engi 
neering career 

rhesis advisers at the college gain a better conception 
of current status of developments; they gain a more 
direct partnership position in building for a better future; 
and they gain a self assurance that they are helping the 
flow of ideas which will break down the barriers that tend 
to grow up between the academic and the workaday 
In addition the relationship between instructors 
General 


worlds 
and students should improve. In 
Hershey discussed the difficulty of maintaining the pro 
priety of these relationships in the face of the recruiting 


reference 4, 


attractions being offered by industry. 

Those who manage research programs can assign top 
priority to subjects which need resolution but are held up 
by a shortage of engineers. Such subjects are usually 
very plentiful, especially at the level of difficulty appro 
priate to bachelor’s and masters’ degrees. The research 
activity gains in man hours of student effort proportional 
to its zeal in developing such a thesis program; it gains 
improved understanding and public relations, and what 
could be most important, it gains personal contacts 
which should lead to the some of the 
students to take jobs in its active organization. In ad 
dition after having observed the students’ abilities while 
carrying out the thesis, the research activity will be 


recruiting of 


better able to choose the best persons to fill its vacant 
positions 

Responsibility for producing results in each program 
from which subjects would be selected under such a pro 
cedure, rests with the research activity. For this reason, 
the initiative in developing a thesis system as proposed 
above should also come from the research activity. Po 
tential benefits which could be gained seem to be a real 
inducements for such initiative by progressive research 


organizations 
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ASME Annual Meeting Highlights—I 


HE Chalfonte-Haddon Hall Hotel in Atlantic City 
was the stage for the 1959 ASME Annual Meeting 
which was in full swing as this issue went to press. 
Some 320 papers filled out the technical program and the 
social side of the meeting again appeared to be highly 
Registration reached 3700 on 
In our January issue 


successful and enjoyable. 
Thursday with one day still to go. 
we shall report on new officers along with abstracts of ex 
ceptionally interesting papers not covered in the fol 
lowing. 


Air Pollution 


Status of Air Pollution Research in the 
United States” as reported by Arthur C. Stern and Harry 
Heimann, U.S. Dept. of Health, Education and Welfare, 
Public Health substantial one. It 1s fi 
nanced mainly by governmental funds, and is distributed 
among 11 governmental, 39 university and 18 research 
The total number of 
Some 350 


“Current 


Service, 1S a 


institute and private laboratories. 
independent projects is approximately 140. 
full-time and 400 part-time workers are engaged in the 
total effort The laboratory conducting the greatest 
number of projects is the Robert A. Taft Sanitary Engi 
neering Center of the United States Public Health 
Service. 

This air-pollution research effort reached its present 
activity level only within the past 3 years, the big in 
crement occurring after the enactment in mid-1955 of the 
Federal Air Pollution Research and Technical Assistance 
Act. The major emphasis in air-pollution research in the 
United States is on studies which relate to the type of air 
pollution exemplified by Los Angeles “‘smog.’’ Since 
many of the factors contributing to this type of air pol 
lution are increasing in all large metropolitan areas in the 
United States, the results of this research it is felt will en 
hance the understanding of present and potential prob 
lems throughout the country. Most of the research proj 
with the role of the 


automobile as a smog 


ects deal 
source. 

A corollary to these efforts are current research on other 
hydrocarbon and nitrogen-oxide sources; namely, sol 
vent evaporation, petroleum refining and the burning of 
fuel oil, natural gas and several kinds of wastes. In 
cluded is intensive research on domestic, municipal and 
industrial-type incinerators. 

A national air-sampling network to provide basic data 
on air quality has been established. A_ precipitation 
sampling and analytical scheme similar to that in Europe 
is undergoing field trial. A comprehensive air-pollution 
survey of a community, similar to that conducted at 
Leicester, was completed earlier this year in Nashville, 
Tenn. The findings are currently being analyzed. 
This study follows earlier ones completed in Louisville, 
Ky., and in the Detroit, Mich., and Windsor, Ontario, 
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area, comprehensive reports on both of which have re- 
cently been published. 

There is little research under way on problems associ 
ated with the burning of coal. The principal studies are 
parallel investigations by a coal-trade association and a 
governmental laboratory of the means of SO, removal 
from flue gas. The principal industrial groups spon- 
soring some air-pollution research are the paper and pulp, 
phosphate rock and steel industries, and the automobile 
and petroleum industries. 

Broadly, two main courses of action are being pursued 
simultaneously in the health studies. The first concerns 
morbidity and mortality statistics of communities to de- 
termine if aberrations in health patterns occur, and if they 
are related to air pollution. The second course is to 
define the biological or health effects of single and mul 
tiple known or suspected constituents of air pollution. 
This dichotomy covers both the epidemiological and 
laboratory experimental areas of study. 


H. C. Austin and W. L. Chadwick, Southern California 
Edison Co., collaborated on the paper ‘Control of Air 
Pollution From Oil-Burning Power Plants.’’ Since the 
previous report on control of air pollution from power 
plants in Southern California was made in 1957, Southern 
California Edison has continued its research and develop 
ment work in the field with significant progress. Al- 
though most of the work concerns the combustion of 
fuel oil, some of the results may also apply to control of 
pollutants from combustion of coal and natural gas and be 
helpful to air-pollution control efforts in general. 

In 1951, A. J. Haagen-Smit proved conclusively that 
the reaction between unburned hydrocarbons and nitro 
gen oxide in strong sunlight produced the characteristic 
air-pollution condition in Southern California. With 
this understanding of the basic chemical reaction, efforts 
have been made to control the release of hydrocarbons 
and much has been accomplished by industry toward this 
end. 

To assist in fixing perspective, the authors stated that 
at the end of 1958, assuming an average of only 100 hp per 
engine, there were 78 times as many kilowatts operating 
in automobiles, trucks and buses in the Los Angeles basin 
as there were in all the thermal-electric power plants in 
the same area. These automobile kilowatts represented 
twice the kilowatt capacity of all thermal-electric plants 
in the United States. 

The major role of the internal-combustion engine in 
forming pollutants, including both hydrocarbons and 
nitrogen oxides is obvious. 

In 1947, a state law was passed which was intended to 
regulate air pollution from industry by declaring it a 
violation whenever any stack plume becomes ‘“‘of such 
opacity as to obscure an observer's view to a degree equal 
to or greater than’ smoke of Ringelmann No. 2 shade for 
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more than 3 min in any hr In 1955, new power-gener 
iting stations in Los Angeles County aggregating | mil 
lon kw in ¢ ipacity were denied permuts to operate be 
it was charged that when burning fuel oil they 
Con 
? per cent by volume of sulfur 


from 


cuuM 
would on occasions violate the opacity regulation 
trol regulations also set O0.: 
maximum allowable release 


than 0.5 grains per standard cu 


measured as SQ», as the 
Moore 
dust lo 


i Stack and set not 
ft as the 
the sulfur products have 


In typical experience, 
half and the 

But, 
Ringel 


2 opacity requirement could not be met Asa 


limit tor iding 


been about one 


per cent of allowable limits 


ibout Lo | 


dust loading 


it times, dependent upon several variables, the 
mann No 
result, because curtailment of the production of electri 
to the public were com 


power and the resulting losses 


pl tely 


unacceptable, hearings and variances becam«e 
necessa’ry 

Much effort wa 
plume opacity — the only air-pollution control rule which 
In spite of con 
still 


igreed that plume 


directed toward the reduction of 


the utilities were charged with violating 
tinuing studies, the physics of this phenomenon are 
not fully | It is 
opacity 1s intly by a) the 
stack gas, (>) the 


. & 


understoor generally 


ind 


iffected signiti amount 
latter present in the 
ind (c) the 


depends greatly 


ize of particulate 


mount of SO) umount ol water vapor! 


present 
upon 

lighting conditions and (« 
the background against which the 
In an tudy of the 
plumes form, made at a coastal station, colored photo 
hour from daylight to dark and 
Wind dire¢ 


light intensity, 


pre “rit (pacity ils 
itmospheric condition 
plume is observed 


elaborate conditions under which 


vt iphs were taken every 
tion and velocity, 
the amount 


for a period of two months 


ur temperature and humidity 


md type of fuel being burned, the temperature of stack 


ises and other pertinent data were also recorded. No 
clear correlations could be established between the plume 
lactors 
iuthors felt it 


ippearance ind any of these 
In thei 
emphasize that, although intensive effort has been applied 


matter emitted from fur 


conclusions the desirable to 


to muniinizing the particulate 
naces while burning fuel oil, and reducing the emission of 
irticularly Ps, 


these 


oxides, p there is no substantial 


that 
harmful or has been pre 


ulfur 


either of contaminants has been 


sent in the general atmosphere in 


( vik nes 


sufficient quantities to be considered a significant air 


pollutant 
i to the he 


Chere is still controversy among authorities 


ilth effeets of the existing SO» levels 


George C. Jefferis, Philadelphia Electric Co., and 
J. D. Sensenbaugh, Combustion Engineering, Inc., dis 
Effect of Variables on the Stack 
From a Modern Station Boiler In 


and nitrogen 


cussed (operating 


Eenussion Power 


view of the importance of dust oxides of 


enussions series of tests was conducted in which the 
ellect of \ 
the dust loading, 


concentration ol 


rious Operating iriables was determined on 
the combustible content of the dust and 
testS were 
it Schuylkill 


his is a twin 


nitrogen oxide Chest 
carned out on the emissions from Unit No. | 
Philadelphia Electric Co 
umit of IS6-MIw capacity 


fired, and the 


Station of the 
furnace The furnaces are 
present fuel is oil, with pro 
of the 
with a return-oil 


1000 F The 


tangentially 


vision for future coal-burning The burners are 


mechanical atomizing type 


LOSO 


wide-range 


System steam temperatures are 
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unit is designed for temperature control by burner tilt and 


gas recirculation, as well desuperheaters for 
both superheater and reheater. 


Closing the main dampers slightly and opening up the 


as spray 


auxiliary dampers quickly produced large increases in 
dust loading and combustible content in the initial series 
ol tests 

In the 


settings was investigated 


a much wider range of damper 
rhe dust-loading curve did 


second series, 


not rise as sharply as under the previous conditions, and 
the combustible content was essentially constant over the 
entire range ol damper settings 

In the second series, an extensive set of nitrogen-oxideé 
determinations were made at various damper settings 
Results showed a decreasing trend in NO concentration as 
the main dampers were closed and the auxiliary dampers 
opened 
at this plant has been to operate with 


230-240 F range 


Normal practice 
oil temperature in the 
of tests, increasing the oil temperature by approximately 
35 deg F halved the dust emission and reduced the com 


In both series 


bustible portion by 15-17 per cent 
Phis unit is equipped with tilting tangential burners. 
The angle varied 


30 deg above and below the horizontal, with the 


of inclination of these burners can be 
through 
horizontal position designated as zero tilt 

With no gas recirculation, varying the burner tilt did 


With gas 


dust-loading and combustible curves 


not affect the dust loading or nitrogen oxides 
recirculation, the 
had the same shape with a maximum near zero tilt Phe 
variation in oxides of nitrogen concentration was in the 
opposite direction, with a minimum in the vicinity of zero 
tilt 

When the smaller N-12 burner tips were used, the pro 
nounced maximum in the dust-loading curve at zero tilt 
appeared to be eliminated. Improved fuel atomization 
with the smaller tips would, of course, contribute to more 
As € xpecte d, excess air had a pro 
Variation 
range 


complete combustion 
nounced effect on all of the quantities studied 
of the 
2—4 per cent produced a dust loading at the higher end of 
the range that was only 20 per cent of that found at the 
the combustible content of 
the dust was reduced by 17 per cent. On the other hand, 
increased the oxides of 


oxygen percentage over the approximate 
| I 


lower end Correspondingly, 
mcreasing the oxy gen percent ive 
nitrogen from 1S4 to 25S ppm 
Use of the smaller burner tips gave a spectacular lower 
ing of the dust loading to 0.049 gr/SCF at 2.4 per cent O 
compared to 0.142 gr/SCF at 2.2 per cent © with the 
\t the same time, the combustible content 
was reduced by At the 
the dust loading was halved with the smaller tips The 


original tips 
21 per cent 3 per cent Oz level, 
dust loading increased with increasing gas recirculation at 
zero tilt effect of 
burner tilt as well as the effect of gas recirculation itself 


However, these tests include the 
ther tests at positive tilts with varying gas recirculation 
g rhe combustible content 


seemed to be little affected by the quantity of recircu 


ive a constant dust loading 


lated gas, although there was considerable scatter in the 


results with positive tilts Phe concentration of nitrogen 


oxides tended to decrease with increasing gas recircula 


tion 
[wo tests on the effect of soot blowers were run under 
conditions In one test, a dust 


normal operating 


loading determination was made over a complete soot 
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blowing cycle. This was compared with a control test 
with no sootblowing. The dust concentration entering 
the mechanical collector was approximately twice as high 
during sootblowing 


Pumps 


Che effect of transient suction pressure decay on a 
centrifugal boiler feed pump has been under study by 
Karassik, et al Using concepts established by these 
authors Rodney S. Thurston, Cornell University, in his 
paper “Design of Suction Piping and Deaerator Storage 
Capacity to Protect Feed Pumps” presents an analytical 
method for determining the minimum permissible weight 
of water ratio between the deaerator storage tank and the 
With sufficient 
capacity this tank is capable of insuring against flashing 


suction piping to the boiler feed pump. 


it the pump’'s suction, thereby avoiding cavitation and 
vapor binding of the pump 
Mr. Thurston 


] 


idvocated the following steps in estab 
lishing « 

(1 Select the expected maximum feedwater flow and 
determine the required NPSH at that flow. 


: Select the 


eaerator storage capacity 


minimum condensate enthalpy ex 
pected during the residence time. This will probably be 
that of the second downstream heater in the event that 
the first downstream heater is out of service. 

5) Determine the value of the deaerator enthalpy / 
at the end of the residence time from the relation between 
pe, po, the required N PSH, the static head and the friction 
drop 

i Solve for the minimum ratio between the storage 


capacity and the capacity of the suction piping. Actual 


storage must be larger than that indicated here. 


a) If it is impractical to use as large a storage ca 
pacity as indicated or to reduce the suction piping any 
further, investigate whether an increase in static head is 


practi il 


Edwin L. Pace, General Electric Co., selected ‘Inte 
gration of Turbine-Driven Boiler Feed pumps in Large 
Plants 
reat revival of interest in steam turbines for 
This 
is primarily because of the rapid increase in pumping 


Power for his topic. In the past 5 years, there 
has been a g 


driving boiler feed pumps in large central stations. 


power, due to higher steam pressures and kilowatt ratings 
of the Recently developed high-speed pumps, 
with ind shorter shaft span, are attractive 
when directly connected to steam turbines in these high 


plant 
lower cost 
pump power ranges. The almost universal acceptance of 
the reheat cycle offers opportunities for gains in net heat 
rate by use of noncondensing extraction turbine drives for 
wxiliaries. Tandem-compound main turbines are now 
frequently used at high ratings, with attendant high ex 
haust loss, which makes possible gains in heat rate by use 
of condensing-turbine auxiliary drives. 

For generating units of capacity greater than about 
150,000 kw, it is usually possible, with noncondensing ex 
traction turbine drive of the boiler feed pump, to show im 
provements in net heat rate at rated load of 5 to 25 Btu 
kwhr Between 
rated load and half load, the average improvement is 
often greater than at rated load. Below half load, where 


as compared to motor-driven pumps. 
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both the amount of fuel burned per hour and the expected 
hours of operation are lower, the heat rate generally is 
higher than with motor drive. 

With the pump driven by a condensing turbine, some 
what greater improvements may be obtained, if exhaust 
loss of the main turbine is high. 

Throttle steam for the feed-pump turbine is normally 
taken from the cold reheat line and the steam extracted 
and exhausted from this turbine is used for feedwater 
heating. Heaters connected to the feed-pump turbine 
are located in succession below the heater at the cold re 
heat line. Separate first stage nozzles and governing 
valve admit steam directly from the boiler for light load, 
starting, and certain emergency conditions. This ar 
rangement generally results in an improvement in heat 
rate at rated load of 5-25 Btu/kwhr as compared to a 
similar station with motor-driven pumps. The reason 
for this is that part of the feedwater heating is done by 
steam at a lower temperature than could be extracted 
from the reheat turbine at the same pressure. 

The author then covered the disposition of exhaust 
steam, the distribution of feedwater enthalpy rises among 
heaters, number of extractions, pump speed, pump size, 
location and some material on operation, 


R. G. Jobe, Shell Chemical Corp., 
“Pump Standardization...A User's Concept 
the centrifugal pump is one of the widely used items of 


Pave a paper on 


Since 


equipment in the chemical industry, considerable in 
centive exists for standardizing this equipment and, in 
fact, an industry-wide standardization program is in 
progress. In considering the adoption of a standard 
pump for his plant, the author made a plant-wide study 
covering approximately 650 centrifugal-pump installa 
tions to determine the range of head and capacity re 
quirements, and to obtain cost data to serve as the basis 
for selecting the optimum standard design. 

To establish the range of head and capacity required, 
the design points for all existing pumps were plotted on 
one head-capacity curve for comparison, Analysis of the 
distribution of these points led to the conclusion that 
the standard pump should be capable of developing a 
shut-off head of at least 200 ft and a differential head of 
120 ft ata capacity of 250 gpm. <A pump meeting these 
requirements would handle approximately SO per cent 
of the plant centrifugal-pump applications 

The basic economic consideration was the lowest over 
all cost for the life of the pump, one which would provide 
an economic balance between the first cost of purchase 
and installation and the continuing cost of operation and 
maintenance. 

Comparison of 
showed that, on the average, during the life of the pump 
the sum of the continuing costs (maintenance, power, 


continuing costs with capital cost 


oil) would exceed the capital cost by several hundred per 
that should 
emphasize reduction of the continuing costs 


cent. This indicated the standard design 
This does 
not mean that capital costs were to be disregarded, but 
rather that maintenance cost-reduction features would be 
favored where compromises would be required 

Further analysis showed that maintenance costs were 
among the most important factors contributing to the 
that 


cost reduction should be one of the primary objectives. 


continuing costs. It was apparent maintenance 
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Further study led the author's company to conclude that 
a) the standard pump should be designed so that it 
could be quickly removed from service for shop repairs; 
that (6) the pump should be simple to dismantle and 
reassemble in the shop; and that (c) the pump should be 
designed to use a minimum number of component parts. 

Evaluation of the overall economics and performance 
requirements resulted in establishing the following cri 
teria: (1) The pump should be capable of providing 
sufficient capacity to meet the performance requirements 
for at least 80 per cent of the centrifugal pumps in the 
plant. (2) It must feature maximum dimensional inter 
changeability both in mounting dimensions and pump 
It must be simple to remove and install. 


parts » 

1) It should use a minimum number of parts. (5) It 
must be simple to dismantle and repair under shop con 
The installed cost should be as low as pos 
and 


ditions 6 

sible, 

reliability 
Although the 


from the development stage, some indications as to the 


consistent with maintenance requirements 


new design has only recently emerged 


effect of the design on plant pump costs have resulted 
from field experience Comparison of the installed costs 
for the with 


ventional medium duty horizontal centrifugal pumps in 


eleven test units similar costs for con 


these services shows that installed costs (including the 


price of the pump) were reduced 20 per cent to 55 per 
cent below that of conventional pumps of cast-steel con 
struction These savings are due largely to the elimina 


tion of concrete foundations and the elimination of the 


shaft coupling with its alignment problems 


C. P. Kittredge, Princeton University, covered the 
subject of “Centrifugal Pumps Used as Hydraulic Tur 
bines Centrifugal pumps may be used to advantage as 
hydraulic turbines in applications where the required 
power is rather small and low initial cost is more impor 
tant An estimate of the peifor 


mance of a centrifugal pump when used as a turbine can 


than high efficiency 


be made from published curves of complete character 
istics for typical pumps. The purpose of this paper is to 
present some of the available data on pumps and to show 
how to select a pump which will meet specified require 
ments when used as a turbine. 


The 


turbine, 


performance of a given pump when used as a 
in the author’s opinion, can be estimated by the 
Tile thods cle NO ribed However, it probably will be neces 
sary to apply the affinity laws over such wide ranges of 
the variables that the usual degree of accuracy should not 
\lso, should be 


cised if it becomes necessary to interpolate 


be expected considerable care exer 

It should be possible to select the correct size from a 
series of pumps to fulfill given turbine requirements even 
though the computed performance may differ from the 
results of subsequent tests. 


Fuels and Firing 


Che problem of protecting industrial boilers from ex 
plosions and maintaining high reliability of the units is 
Further 
more, it is difficult to get a group of power engineers to 
agree as to what constitutes a safe boiler free from poten 


not easily accomplished at the present time. 
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tial furnace explosions. For several years the Fuels Div. 
has tried to stimulate discussions to gain a basic agree- 
ment. M. L. Jones, E. I. du Pont de Nemours and Co., 
in his paper “Protecting Industrial Furnaces From Ex- 
’ made no attempt to give all of the answers to 
However, his primary objective was to 


plosions 
this problem. 
present some of the problems for discussion and thought 


that at some future data a realistic and practical solution 
to the problem might be achieved. The discussion is 
limited to liquid or gaseous fuel-fired boilers with a maxi- 
mum size of 100,000 Ib per hr. The size range includes 
the shop-assembled units which have become popular in 
industrial plants in the past few years. Various phases 
of the problem include the following categories: (1 
causes of furnace explosions; (2) humans versus in- 
flame failure, 
b) equipment failure; (4) reliability of equipment. 

From records available to the author, the major num 
ber of furnace explosions occur during light-off or relight 
These are due to inadequate equipment, manpower 


struments; (3) safety-type equipment—(a 


ing. 
failure, improper application of equipment, safety equip- 
ment bypassed and malfunctioning of safety equipment. 

Other furnace explosions have occurred during opera- 
due to momentary fuel failure, fuel-air 
ratio control, rapid load changes and power failure. 

In the October The 
The Hartford Steam Boiler Inspection and 
Co., Table I shows the cause of failure classification for 


furnace explosions 


tion improper 


1956 issue of Locomotive of 


Insurance 


From this it can be seen that failure 
to test and maintain control devices, and failure to ignite 
properly account for the majority of the accidents in 
This can that 
the human being is not capable of servicing the equip 


suspended fuel-burning units. indicate 
ment being furnished 

lo reduce accidents due to furnace explosions, the en- 
gineer must first establish several basic policies, which in 
The 
important of these is a decision whether a well-trained 
and reliable operator is better insurance than a complex 


many cases require management approval most 


installation of instruments. In many states and cities, 
existing laws require that a licensed operator be in attend- 
ance of a boiler installation. Thus, the operator must be 
on the payroll so a high degree of instrumentation will 
mean the operator has few duties to perform. 

a licensed operator is not re 
highly 
boiler frequently results in a management decision that 


In those where 


quired, a 


areas 
sometimes oversold, instrumentized 
no operator is required or that the unit can be main 
tained by anyone regardless of qualification. This can 
create serious complications as such an operator is unable 
to interpret any malfunction of equipment and thus 
cannot take preventive steps to correct for abnormal 
situations. 

Before the problem is solved, both manufacturers and 
users must reach some basic decisions, such as: (1) To 
what degree is automatic control essential? (2) What 
a system require shutdown of the 

(3) How can the components pro 


function failures in 
unit for protection? 
tecting the system be readily checked ? 

After such decisions are established, standardization 
of protective components of the system must be es- 
that both manufacturer and user can be 
satisfied that the system will provide the necessary pro- 
tection and can be maintained readily. To accomplish 
this, it is recommended that the ASME the 


tablished so 


assume 
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leadership by preparing and issuing a code or standard 
that will provide a safe and reliable system for protecting 
industrial furnaces from explosions. 


“The Direct Method of Testing Heating and Power 
Boilers’ by E. P. Carman, Fuels Consulting and Testing 
Associates, presents the advantages and requirements 
for direct input-output testing of heating and power 
boilers. Reasons why the Bureau of Mines and the 
author's organization prefer this method wherever it 
can be used are given, along with the methods used, and 
essential, for calibrating instruments and test equipment. 

This information includes test procedures and cal- 
ibrations for testing boilers of up to 150,000 Ib-per-hr 
capacity by the direct input-output method, along with 
suggested means of using this test method on even larger 
boilers. Test results accurate to within a small faction 
of a per cent of specified thermal efficiency can be at- 
tained the author asserts. Further he felt the benefits 
in more precise knowledge of newly installed equipment 
may be applied over the entire life of the equipment, and 
by themselves indicate the desirability of this method 
of test, whether or not purchase specifications indicate 
its desirability. 


One of the main problems facing the designer of a solid- 
fuel system for a pressure-fired device is how to introduce 
the pulverized or granulated particles into the com- 
bustion space against the system pressure. By far, the 
most convenient method of achieving this is to employ a 
solid-fuel pump designed to do much the same duty as a 
liquid pump. The prime need is to pressurize the fuel 
particles, or more accurately to pressurize the air, if it is 
a fuel-air mixture, or the water in case of a slurry, in 
which they are entrained. 

M. N. Aref, Foster Wheeler Corp., in his paper ‘‘Pres- 
surization of Granular Solid Fuels’’ reviewed the dif- 
ferent methods of pressurizing powdered solid fuels which 
have been developed including proposals as well as those 
in operation. The work so far has been devoted par- 
ticularly to a study of the characteristics of these pres- 
surizers, in relation to their common problems of: 
(a) power loss due to venting the pressurizing air, (5) 
wear of the surfaces in contact with the solids and (c) 
effective [he most practical methods have 
been compared on power loss, rather than power required 
in their cycles. It has been found that power loss due to 
air venting cannot be totally eliminated and that the 
simple lock hopper is, so far, the best available device 
which has the lower capital cost, maintenance require- 
ments, power loss and better reliability. Where space 
is of major importance, however, the lock hopper with a 
moving wall can be considered as an alternative, though, 
it may suffer from an increased wear rate and a reduced 


sealing 


volumetric efficiency. 

Until recent years, no such pressurizer had been re- 
quired and as Mr. Aref reported, very little work had 
been done on the pumping of solids. The advent of the 
newly developed coal-burning processes in combustion 
and gasification at elevated pressures provided a stimulus 
to research in that direction. Among these processes 
were the coal-fired gas turbine, pressure-fired boiler for 
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the steam-gas cycle, and pressure gasification. In these 
processes, the solid-fuel may be pulverized, crushed or 
sized in the case of coal; or sized in the case of other 
materials. Loose-packed bulk densities may range from 
20 Ib/ef for sized coke, through 30 for pulverized coal, 
40 for sized coal, 55 for crushed coal, 100 for stone, up to 
200 for rich ores. Capacity may vary from 2 tons/hr 
for a small gas-turbine plant to 100 tons/hr or even higher 
for a big gasification plant. In the latter case, though, 
multiple units may be used to reduce spares, so through- 
puts of 2 to 25 tons/hr cover the likely unit range. 
Delivery pressures may range from 5 to 20 atm and the 
powdered fuel size, for satisfactory pumping, may vary 
from 80 per cent through 200 mesh for pulverized down 


to 0—'/s in. or O—'/, in. for crushed. 


W. H. Rowand and E. G. Kispert, the Babcock and 
Wilcox Co., combined talents in the paper ‘Recent 
Boiler Design Practice.’’ As the authors mentioned high 
costs combined with increasing demand for electrical 
power have tended to make stand-by equipment econom- 
ically impractical. Therefore, plants capable of oper- 
ating with high availability, low maintenance and high 
efficiency over the life of the equipment have become 
mandatory. Super clean stacks and the extension of re- 
mote, centralized operation are becoming increasingly 
important to the power industry. 

This paper indicated something of what Babcock & 
Wilcox Co., as one steam generator manufacturer, is 
doing in an effort to further these ends. A similar paper 
was presented in 1947, 


Corrosion 


Several years ago inspection of the reheater and 
finishing superheater tubes in a 1055 F 1005 F boiler 
firing pulverized midwest coal revealed considerable 
external corrosion loss of tube metal. Although in opera- 
tion only two years, some 321 stainless-steel reheater 
tubes had lost about 50 per cent of the original 0.125 in. 
thickness, a penetration rate of 0.032 in. per year. 
Corrosion was spread fairly evenly from left to right and 
top to bottom in both reheater and finishing superheater. 
This information initiated inspection of 26 pulverized 
coal-fired boilers in various parts of the country to deter- 
mine the nature and extent of the corrosion probiem. 
Advanced corrosion was observed in only a few units. 

These findings led to the establishment of a research 
program to determine the cause and prevention of ac 
celerated wastage. The corrosion mechanism has been 
studied extensively and a description of these investiga 
tions constitutes the main body of the paper, ‘Corrosion 
of Superheaters and Reheaters of Pulverized-Coal 
Fired Boilers’’ by Wharton Nelson and Carl Cain, Jr., 
Combustion Engineering, Inc. 

Initial laboratory experiments sought to find the cor 
rosion rates of T22 and 321 stainless-steel alloys in flue 
gas and air. These tests indicated: (1) Flue-gas attack 
on T22 mounted rapidly with increasing temperature 
above the normal limit of use, 1100 F. (2) Gas-phase 
corrosion of T22, which developed a semi-protective scale, 
followed the parabolic law. (3) The T22 scale spalled off 
upon reaching a critical thickness. This characteristic 
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much of its wastage in soot-blower 
impingement areas. By contrast, the 


in flue gas rapidly built up a type of scale which was fully 


may account lor 


321 stainless steel 
protective and nonspalling. (4) Flue-gas attack on 321 
stainless steel, even at temperatures as high as 1400 F, 
did not result in the corrosion rates observed in actual 
boiler operation at the first unit inspected 

Other tests using pure sulfur dioxide and pure sulfur 
trioxide with T22 and 321 stainless steel at 1200 F showed 
that neither atmosphere was substantially more corrosive 
than flue that gas 


phase attack, particularly of stainless steel, could not 


gas It was concluded 


synthetic 
account for the corrosion rates observed in operating 
boilers, and that 
rosion mechanism was probably involved 

\lthough present studies are not far enough along to 
solve the liquid-phase corrosion difficulties, a number of 


an inherently faster liquid-phase cor- 


approac hes do offer promuse for 1ts amelioration. Use of 


corrosion-resistant alloys would seem the easiest 
approach No practi al alloy has vet been found, how 
ever, which offers consistently better resistance than 3521 


although many have been 


More 


stainless steel in this service, 
tested in field 
Corrosion-resistant coatings have not looked promising 
and to the fact that they are effective only 
as long as unperforated Ihe search for better alloys and 


exposure as welded-in tube sections. 


due to cost 


coatings has by no means been exhausted by present 
work and would seem a rewarding field for future effort 
Operating conditions such as fineness of coal were found 
to have a decided bearing on corrosion rate of stainless 
steel. Use of coal ground to SO per cent through 200 
mesh rather than the normal 65 to 68 per cent at Joppa 
metal loss in the 950 to 1250-F metal 
No doubt the use, of better quality 


Unfortunately, 


indicated lower 
temperature range 


coal would ameliorate corrosion trouble 


present knowledge does not allow setting adequate limits 


on the following coal qualities: Low sodium, sulfur, pot 


issium and ash content, and high ash-fusion tempera 
tures 

\ field method which has proved very effective for 
reducing lead-tube corrosion has been the application of 
front 


deposit-forming areas of 


stainless-steel shields on the windward) 1S0-deg 


lead 


finishing super-heaters and reheaters 


Suriace ol tubes im the 


that 
sulfates 


has shown 
ilkali 


formed in fireside deposits of boilers having steam tem 


rhe present work the authors state 


molten complex iron and/or aluminum 


peratures above about 950 F are responsible for corrosion 


of superheater and reheater tubes Chis corrosion 1s a 


metal reacts with molten 
It starts at tem 


chemical reaction in which tube 


sulfates to give iron oxide and sulfide 


below the oxidation (sealing 


i boiler 


temperature 
Studies 


peratures 
illoys used in these sections of 
illoyvs or 


limit for 


to find more corros.on-resistant less corrosion 


producing coals seem promising fields for future effort 


P. Sedor, E. K. Diehl and D. H. Barnhart, Babcock & 
External Corrosion 
High-Alkali Coals 
and occurrence of cor 
rosion observed on superheaters at Will County and 
Ridgeland Stations of the Commonwealth Edison Co., 
Chicago Phe furthet some of the re 
sults obtained from an experimental study of the factors 


Wilcox Co., joined forces to report on 


of Superheaters in Boilers Firing 


Chis paper describes the nature 


presents 


paper 
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involved, and outlines the control measures applied to 
prevent further serious loss of tube metal. 

Owing to the arrangement of surface, the temperatures 
of the tubes in the long platens are low, while those of the 
tubes in the short platens are comparatively high. The 
maximum metal temperature occurs at the bottom of the 
short platens in the front of the furnace and has been 
measured as high as 1225 F, although it is usually around 
1175 F. The true gas-temperature range in this zone is 
2100 to 2300 F with the boiler operating at rated capacity 

Metallographic examination of the tubes indicated 
that the corrosion at the Ridgeland and Will County 
Stations was the pitting type, accompanied by surface 
carburization and sulfide formation. The 
evidence indicates that alternate reducing and oxidiz 
ing conditions prevailed on the surfaces of the tubes with 
a possibility that some, but not all, of the corroded sur 
faces had been operating between 1250 and 1300 F. 


subsurface 


During the 1S-month period prior to the platen-tube 
failure, several coals from Central Illinois were burned at 
Ridgeland Station, of which more than 75 per cent were 
from Christian County mines. The 
“average’’ coal shows it is a high-volatile, high-ash coal 
Perhaps more 


analysis of the 


having a low-fusing-temperature ash 
important to the ash-fouling and corrosion problems, it 
contains substantial quantities of alkalis and chorides 
When these high-alkali coals are burned in boilers, they 
result in alkali-rich and sulfur-rich 
posits on the convection surfaces 
also lead to corrosion if the tube metal and gas tempera 


invariably ash de 


These deposits may 


tures are high enough 

Owing to the seriousness of the corrosion problem, 
several corrective measures were applied to the Ridge 
land and Will Country boilers at the same time. The 
effectiveness of these changes is best typified by Boiler 
No. 5 at Ridgeland Station where corrosion had definitely 
been a problem and where progress was made in reducing 
its severity. The abrupt reduction in corrosion is likely 
due to the reduced metal and gas temperatures in the 
from the installation of additional 
Also, the use of higher excess 


platens resulting 
furnace-screen surface 
air, from S per cent before up to 13 per cent now, and the 
installation of 25-20 clad tubes have undoubtedly been 
The use of additive and 
been .elpful, 


beneficial in reducing corrosion 
the shift of 
but the role they played was not decisive in the overall 
effort 


blowers seem to have 


soot 


he reduction in the amount of corrosion is only part 
of the reduction in 
the area in which corrosion occurs 


story; there has also been a drastic 
In comparing this 
to the original area of corrosion it appears that the ex 
tent of corrosion has been reduced approximately 90 per 
cent. From this, it would that 
be kept under control at a reasonable cost on these units 
three or four 


appear corrosion can 


by pad welding the wasted areas every 


vears. Evenso, the problem cannot be considered solved 
until corrosion is arrested and, equally important, the 
corrosion agents identified and the mechanism completels 
understood. Since this is a comparatively new problem, 
i great deal of work must be done to reach these goals 
If metal temperatures are pushed much beyond present 
levels, and this seems likely, the corrosion of high-tem 
perature surfaces may become more prevalent in coal 


fired boilers. 
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Practical Help on lon Exchange 
In Industrial Water Treatment 


Request Your Copy of 
This New Nalcite 
Water Conditioning Manual 


Information for 
Consultants, Engineers, 
Management Men 

on Practical Aspects 
and Possibilities 

of Versatile 

Nalcite Resins 


For men who are interested in corrective treatment 
of water supplies, but who are not necessarily water 
chemists, Nalco’s lon Exchange Division has pro- 
duced a handbook on water conditioning with Nalcite 
lon Exchangers. Practical, usable information is given 
to provide a sound working knowledge of ion ex- 
change methods, materials, procedures, equipment 


and costs. Useful charts, graphs and tables are included. 


Better Water = Better Operation 
Since water is one of the most important raw materials 
utilized in:any plant, it follows that water of better 
quality will cut overall costs and improve plant oper- 
ating efficiency. These improvements can range from 
elimination of scale and corrosion in water- and steam- 
carrying equipment through reduced maintenance and 


Outage time, to better finished products. 


lon Exchanger Versatility 
Nalcite Cation and Anion Exchange Resins, used 
separately or in combination, with or without other 
water treating materials, do an amazing variety of water 
conditioning jobs, from simple softening of hard water 
supplies to removal of dissolved solids to 0./ part per 


million, or less! 


Processes to Fit the Need 
Each of the commercially-used ion exchange proc- 
esses is described in this manual, with data on the right 
Nalcite resins for the job. With the work sheets pro- 
vided, the process best suited to any requirement can 


be calculated. Costs, chemical handling, instrumenta- 
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tion and waste disposal are given practical considera- 


tion for each process. 


How Nalcite Resins Fit In 
Nalcite Ion Exchangers are a vital part of complete 
water treatment plants designed and manufactured by 
reputable equipment companies. When you discuss 
your water treatment problem with these equipment 
manufacturers, specify Nalcite resins to be sure of 
the ion exchange results you want. Nalco will cooper- 
ate fully with you, and with the equipment supplier 
you choose, to select the exchange system which will 
operate at lowest cost compatible with treated water 


quality required. 


Copies Available 
Copies of “Water Conditioning with Nalcite lon Ex 
changers” are available without charge. Write today 


for your copy of Bulletin Z-5. 


National Aluminate Corporation ts now 


NALCO CHEMICAL COMPANY 
6234 West 66th Place + Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, Spain, Venezuela, 
and West Germany 
In Canada; Alchem Limited, Burlington, Ontario 


® 
. +» Serving Industry through 
Practical Applied Science 





Abstracts From the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 


Ltd., London, W. C. 1) 


Power Generation and Power Plant 


American Power Conference in Re- 

view. II. Anon 
June) 45-52 

he second part presents ibstracts 


Combustion 1959 


of papers on: |. Once-through boilers 
; Water 


lurbine Generators 


Operation and controls 
conditioning | 
5 Operating I xperiences 


and Effi- 
Plants. 
1958, 40, 


Supercritical Pressures 
ciencies of Steam Power 
P. Profo Sulzer Tech. Ret 
No. 4, 11-18 

Detailed calculation have beer 
carried out by a boiler manufacturet 
in conjunction with a turbogenerator 
manufacturer to obtain data for the 
most eflicient production of electri 
power from a set of assumed though 
realistic condition These were: size 
of umt 250 MW 


C.V. 5,550 il/kg, S per cent mots 


coal propertse ; net 


( 


ture ind Ai by// ish cooling water 


temperature 27 (¢ hree variants 
of steam parameters were considered 
lL. 176 atu, 565 ¢ no reheat 

Mi atu, OU obo © ingle reheat 
double 


for all 


> 306 att HO00, 565/565 © 
reheat Che boiler efficiency 
variants was assumed to be the same 
92 per cent at economical and 91 
per cent at m.c.t For these 

variants the eflective plant efficiencies 
increased from $9.38 to 40.49 and 
t1.11 at economic rating and from 
8.95 to 40.05 and 40.68 per cent at 
m.c.1 Che proposed layout for these 


variants are indicated 


Power Plants in the Paper Industry. 
H. R. Emery. Coal Utilization 1959 
13 (June) 22-4 

Present and probable future power 
\merican papel 


Schemes for 


requirements of the 
industry are considered 
improving the efficiency and depend 
ability of power generation are dis 


cussed 


Gas Turbines Progress’ Report. 
Various authors l. Enene. for Power 
1059 81, No. 3, 215-359 

The report contains the following 
Introduction by R 
Materials by A. W 
Herbenar and G. R. Heckman 
Turbine Cooling by J. B. Esgar 
t. Fuels by A. D. Foster 5. Cyel 
Components by P. F. Martinuzzi 
Piston-and- Turbine 
Aviation 


contributions: | 
r. Sawyer 


6. Compound 


Engines by A. L. London; 7 


62 


by O. E. Lancaster; 8. Rocket Tur 
bines by O. E. Lancaster and C. J 
Bates S Automotive by F L 
Schwartz 10. Railroad by P. R 
Broadley, W M Meyer D> § 
Neuhart, E. L. Barlow, R. C. Bond, 
D. S. D. Williams and B. W. C 
Cooke 11. Marine by J. W. Sawyer 
ind H. M. Simpson; 12. Industrial 
ind Central Station by B. G. A 
Skrotzki 13. Nuclear by R P 
Godwin and E. S. Dennison 


First Once-through Boiler. J. B 
Moore Elect. West 1959, 122 (May 
65-7 
[he boiler for the third unit at 
South California Edison’s Hunting 
ton Beach power station will be of the 
once-through universal pressure type 
The 210 MW cross compound, axial 
flow turbine-generator unit will have 
operating conditions of 2,400 psig 
ind 1,050/1,000 F reheat The ad 
vantages and disadvantages of the 
boiler are enumerated and the new 
control system employed is described 

From C.E.G.B. Digest 1959, 11 


Tune 20) 1498 


New Equipment-—-Same Fuel. T. S 
picer Coal Utilization 1959 13 
June) 18-21 

Spaulding Fibre Co 
creased their steam output by the 
installation of two 40,000 lb/hr units 


recently in 


producing steam at 130 psi saturated 
rhe boilers are equipped with vibrat 
ing grate stoker, the vibration lasting 
1-10 sec every two minutes, the move 
ment being in. and the speed 
600/ min The COs. content of the 
flue gas is 14-16 per cent even at low 
loads and the thermal efficiency 80 
ver cent Fly ash arrestors have 
when firing a 


roved unnecessary 


t 
t 
t 
! 


coal sized , in. plus 15 per cent 
minus ; in. Overtire air is about 
10 per cent of the total combustion 


ur 


Trawsfynydd Nuclear Power Station. 
\non Electr. Rev. 1959, 164 (Tune 
19) 1148 , 
Atomic Power Constructions Ltd 
have been given the order for this 
nuclear power station which will be 
erected at the northern shore of the 
Merionethshire 
The two reactors are of the gas 


Trawsfvnydd Lake 


cooled, graphite moderated type by 
increasing the gas pressure to 240 


psi a considerable reduction in the 
pressure 
There 
are 3720 fuel channels on a 7*/, in 
square pitch. Each reactor is com 
bined + with six generating 
steam at 927 psi and 715 F and at 
290 psi and 685 F. There will be 
four 175 MW turbogenerators 


internal diameter of the 


vessel has been made possible 


boilers 


Fabrication and Construction of Pip- 
ing System for the Dresden Nuclear 
Power Station. G. B. Grable and 
A. M. Croswell Weld. J. 1959, 38 
(July) 657-64 

The materials, mainly 
steels, are specified the fabrication 
methods (hot forming and rerolling 
after welding, casting, machining and 
heat treatment of fittings, welding pro 
cedures) are described in detail 


stainless 


Materials and Manufacturing Processes 


Summary of the Work of the Com- 
mittee for the Study of Creep in 
Metals at Elevated Temperatures. 
©. L. Bihet Bull. Trim. Centre 
Belge d Etude et Doc. des Eaux 1959 II 
No. 44, 66-71 (in French 

Chis Committee has been given the 
task of 
which the steels at present on the 


determining the limits to 


market can be used, and to develop 
new allo \ summary is given of 
the work of the Committee over the 
last few years on ferritic steels for 
pipework disks and 
superheaters also the welding of this 


turbine bolts 
type of steel Research on austenitic 
steels at between 600 and 700 C and 
improvement in behavior when hot is 
reported, and directives for the con 
tinuation of research are presented 

From C.E.G.B. Digest 1959, 11 
July 4) 1630 


Materials for Boiler and Superheater 
Tubes and Steam Pipe Lines. F 
Bruhl Tech. Mitt. 1959, 52 (May 
170-5 (in German) 

rhe development of steels for pres 
sures of up to 4500 psi and tempera 
tures of 1200 F is reviewed and the 
results of long-term tests reproduced 
and discussed. Special attention is 
paid to the weldability of these steels 
and to joints between ferritic and 


austenitic steels 


The Lining of a Steel Pressure Vessel 
with Titanium. F.F.Ates. Soudage 
i959, 13 (May/June) 231-7 (in 
French) 

The technique employed for lining a 
vessel of 80 m diam and 4 m length 
with titanium of 0.8 mm thickness 
are described The reasons for the 
occurrence of cracks are discussed. 
Mechanical and Technical Properties 
of Beryllium. H. R. Meininghaus. 
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Atomkernenergie 1959, 4 (June) 231-2 | ee . 

7 7 
(in German) ON ORDER 
| 
| 


Recent knowledge of the properties 
of beryllium is reviewed 


Instruments and Controls 


Dynamics of Superheater Control. 
P. Profos Sulzer Tech. Rev. 1958, 
40, No. 4, 19-30 (See also Com 
BUSTION, 1959, 30, October, p. 34.) 

A mathematical study of the prob 
lem is presented 


Load Dependent Control of a Power 
Station Unit with Benson Boiler. 
K. Halle. Tech. Mitt. 1959, 52 (May) 
181-9 (in German) 

Control problems of power stations 
equipped with boiler-turbine units are 
discussed in and with 
boilers in particular. The 
eloped by Siemens 


general those 
Jenson 
control system dev 
Schuckertwerke for the control of the 
latter are 


described in detail 


under various conditions 


Superheater and Reheater Control. 
H Lobscheid Teci Mitt. 1959, 52 
(May) 195 in German) 

Means of keeping the temperature 
of the superheated and reheated steam 


2OO 


range of load are 
the control 
steam or on the flue 
combination intro 

rriflux) are de 


1 wide 
discussed. Coupling of 
of both on the 
and the 
Sulzer 


constant ol 


gas side 
duced by 
scribed in some detail 


Railroad Car-Dumper Coal Sampling. 
W. R. Reichenstein and A. Bur. 
Mining Engng 11 (Mav) 506-8 

The problem of obtaining a repre 


1959 


sentative sample from a wagon of coal 
is discussed and an automatic installa 
tion described with 
difficulties have been ove rcome 


which previous 


Automatic Signalling Apparatus for 
the Indication of the Exhaustion of 
Cation and Anion Filters of Water 
Demineralization Plants. K. G 
Zaydel Teploenergetika 1959, (July) 
14-8 (in Russian 

he 
results of tests presented 


apparatus is described and 


Nuclear Energy 


4th Annual Nuclear Power Report. 
C. Hochgesang, R jalent, A. R 
Jones, B. L. Lloyd, J. L. Schanz, D. H 
Imhoff and R. W. Klecker. Electr 
Wrid. 1959, 151 (June 22) 63-82 

The contents of this report are: 
1. Organic cooled reactor design can 
produce power cheaply; 2. 330e 
MW P W R plant operation likely in 
1965; 3. B W R’s economy, potential 
Nuclear super 
Reactor 
Nuclear 


spur development; 4 
heater 
studies 


augurs new era 5 


bring definition; 6 


power plant tabulation. 


COMBUSTION—December 1959 





| Automatic IonXchanger 


+ 


We have been designing 
and building Automatic 
Ion Xchangers since 1943 
Some of the earliest units 
are still in successful op- 
eration. The current pro- 
jects listed below range 
from small equipment for 
process applications, sell- 
ing for under $10,000, to 
large 
stallations priced in the 


and elaborate in- 
shipped fully assembled, 
ready for hook-up 


AUTOMATIC IONX CHANGERS 


ARE NOW IN PROCESS 
FOR THESE BUYERS 


hundreds of thousands 


MUNICIPAL POWER PLANT IN TEXAS 
CHEMICAL PLANT, UPSTATE NEW YORK 
MIDWESTERN POWER COMPANY 
NUCLEAR POWER PLANT IN EAST 


ANOTHER TEXAS MUNICIPAL 
POWER PLANT 


NUCLEAR POWER PLANT IN MIDWEST 
EASTERN POWER COMPANY 
MUNICIPAL POWER PLANT, OHIO 
CANADIAN NUCLEAR POWER REACTOR 
CHEMICAL PLANT IN CALIFORNIA 
TWO MORE MIDWEST POWER PLANTS 
SOUTHWESTERN POWER COMPANY 
EASTERN ELECTRONICS PLANT 


METAL PROCESSING PLANT, 
CALIFORNIA 


ONE MORE TEXAS POWER COMPANY 
EASTERN RUBBER PROCESSOR 


+t + ++ ++ ++ HH HH HH 


In addition to these water treatment installations, orders 
now in process include large Automatic lonXchangers 
for special chemical processing applications 


ILLINOIS WATER TREATMENT CO. 
840 CEDAR ST., ROCKFORD, ILLINOIS 
NEW YORK OFFICE: 141 E. 44th St., New York 17, N.Y 
CANADIAN DIST. : Pumps & Softeners, Ltd., London, Ont 


Nuclear Energy for Process and 
Space Heat in the United States. 
P. L. Geiringer and M. J. Goodfriend. 
-wr. Engng. 1959, 63 (June) 56-7 

Some of the essential details of the 
authors’ report NYO-2332 are re 
produced, in which the competitive 
threshold was studied above which 
conventional boiler plants would be 
more costly than heat generated by 
reactors 


Nuclear Energy Developments in 
Asia. |] Burkett. Nucl Energy 
Engr. 1959, 13 (July) 365-7 
Developments in India, Pakistan, 
China and Japan are briefly outlined 


Thermonuclear Fusion Research for 
Power. L. J. Linde Engng 
1959, 63 (June) 52-5 

An outline of the American research 
and the apparatus to be 


Jarry 
wr 


program 
used is given 


Fuel Cycle Optimization in Power 
Station Design. P. J. Grant. Nucl. 
wr. 1959, 4 (July) 73-6 

A method for calculating the design 
of a reactor to arrive at the lowest 
total cost of electric power production 
is described 


The Economic Design of the Second- 
ary Heating Circuit in Nuclear Power 
Plants. H. Steckler. /nergietechnik 
1959, 9 (July) 291—9 (in German) 
Design possibilities of the secondary 
heat cycle are discussed and calcula 
tions made of the efficiencies of a cycle 
operating with saturated steam and 
one with superheater steam. It is 
shown that superheating has a 
greater effect on thermal 
in nuclear than in conven 


con 
siderably 
efficiency 
tional power stations 


Nucleate Boiling Characteristics of 
Organic Reactor Coolants. D. P. 
Jordan and G. Leppert Nuel. Sci 
Engng. 1959, 5 (June) 349-59 

The results of an experimental in 
vestigation are reported 


Burst Slug Detection in Water-cooled 
Reactors. D.D. Aliaga-Kelly. Nucl 
Pwr. 1959, 4 (July) 77-9 

Six described | 

Tracers; 3. Direct 
Delayed neutron de 
tection 5. lon-exchange column; 
6. Precipitation. The advantages of 
this last method over the others are 
outlined 


A High Temperature Plant of 125 
Electrical MW. R. F. Benenati 
Pwr. Appar. and Systems 1959, No. 
10 (Feb.) 1329-34 

The paper presents the results of a 
feasibility study of a 
pebble-bed reactor (PBR) steam 
power plant of 125 MW _ output. 
The reactor plant is described, fuel 
handling and costs discussed and the 


methods are 
Pressure drop; 
Monitoring; 4 


design and 


63 





reactor characteristics of the final 
design tabulated rext of A.L.E.E 
Paper, No. 58-1110, Sept. 29-Oct. 1 
Los 


From C. E. G. B. Digest 1959, 11 


June 20) 153 


Nuclear Energy Propulsion Plant with 
Gas-cooled Reactor for a Tanker 
with 10,000 WPS. K. Illic Atom 
kernene? 959, 4 (June 13-8 (in 
(serman 

\n overall description of the study 
for the ship propulsion plant contain 
ing a gas-cooled reactor ind a single 
cycle gas turbine with electric trans 
mission 1s presented The study was 
undertaken at the echnical Univer 
ity Hanover with a grant-in-aid by 
the Federal ¢ ernment 
The Design of the Gas Circuit of a 
10,000 WPS Nuclear Energy Gas 
Turbine Ship Propulsion Piant. | 
Pusch lromkernenergie 1959 4 
(June) 218-22 (in Germar 

The reasons for selecting nitrogen 

driving medium are discussed but 
owing to recent reduction in price 
helium ha become eriou 
competitor yas W heated 
in the reactor to 6 itm, and 
cooled to 4 » atm Ihe 
peed 1s ob 
iround the low 


control propeller 
tained b pas 
pressure gas turbine The lavout ol 
the circuit and design of the turbine 


ind compressor are described 


The Reactor, Its Design and Control. 
W. Hubschmann ltomkernene 
1) (in German 

or the fuel elements 

it is at |] nt the only one appli 

eratures of 650 C and 

| 


ible at temy 
beryllium as canning material. Bet 
lium oxide h been chosen as ma 
terial for the reflector 
mallest 


reactor dimensior ontrol of the 


because thi 
reactor 1s | boron of 
cadmium ind St y gas BI 
tubs I 1 l ifetyv rods 

reactor 


utlined 


Installations for the Emergency Cool- 
ing of the Reactor. H. R. Meining 
hau liomkerne) e 1959, 4 (Tune 
Uh nec bor in eme»rgenc' 
cooling discussed and it 
design ¢ ribed Phi iso emplo 
nitrogen at 20 atm cooled by sweet 


water which in turn is cooled b ea 


wate! 


Installation of a Nuclear Energy Gas 
Turbine Plant in a Tanker. Kk. Gerold 
Atomkernene? 1959, 4 (June 35-8 
in German 

The whole plant including the 
reactor, gas turbine enerators and 
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ONLY 


ENCO 


BAFFLES 


give you all these 


COST CUTTING 
FEATURES 
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These important fuel-saving main- 
tenance-reducing features are ob- 
tainable with Enco boiler baffles— 
and only with Enco baffles. 
+ Streamlined gas flow 
+ Uniform gas flow 
+ Elimination of bottlenecks 
* Reduced draft losses 
Higher heat transfer 
Cleaner heating surfaces 
Less use of soot blower 
Special provision for expansion 
Easy tube replacement 
Adaptable to any water-tube 
boiler, fired by any fuel 
Each application is designed on the 
basis of more than a quarter cen- 
tury of experience in this special- 
ized branch of power engineering. 
Installations are made by skilled 
mechanics. 


THE ENGINEER CO. 
75 WEST STREET, NEW YORK 6, N.Y. 


In Canada: Rock Utilities Lid., 80 Jean Talon St. W., 
Montreal, P. Q. ac-506 


auxiliaries are placed in a safety tank 
f spherical shape to protect the ship 
and its crew The tank is to be in 
stalled in the stern of the ship. The 
difficulties arising from the necessity of 
lifting off the top of the reactor for 
refueling and their influence on the 
design of the tank and its installation 


are discussed 


Material Selection for Gas-cooled 
Ship Reactors. W. Junkermann 
Atomkernenergie 1959, 4 (June) 238-41 
in German) 

Ihe considerations which led to the 
selection of materials for the various 
parts of the propulsion plant are pre 
lables 
various materials suitable as a moder 
ator and other materials required for 


sented provide data _ for 


structural purposes 


Analysis and Testing, Research 


Stress Theory of Impact Comminu- 
tion. H. Rumpf. Chem. Ing. Techn 
1959, 31 (May) 323-37 (in German 

\ detailed analysis is presented of the 
processes occurring during comminution 
by impact, the energy applied and 
utilized, the stresses set up in the par 
ticles and their breakage; the factors 
influencing the breakage (free path, air 
friction, particle size) and the appli 
cation of the design of machines for com 


minution by impact 


Densities of Coals and Cokes. Anon 
Coal Research in C.S.I.R.O. 1959, No 
6 (Mar.) 11 

An apparatus is described which has 
been developed for determining the true 
density of porous solids by the dis 
placement method using helium 


Laboratory Methods for Determining 
Corrosion Rates under Heat Flux 
Conditions. A. ©. Fisher and F. L 
Whitney Corrosion 1959, 15 (May 

Three laboratory 
been developed for testing the effect 


techniques have 


of heat flux and skin temperature on cor 
rosion rates of stainless steel and cast 
iron in various environments and _ the 
idvantages and disadvantages of each 
are discussed. Skin temperature was 
found to be the controlling factor Phe 
practical application of the test results 
to prediction of corrosion rates of heat 
transfer apparatus in corrosive atmos 
pheres is outlined 


Contribution to the Analysis of Fuel 
Ash. Chelatometric Determination of 
Iron and Aluminum. WW. Radmacher 
and W. Schmitz. BrennstChemie 1959, 
40 (May) 161-4 (in German 

Iron and aluminum can, under cer 
tain conditions, be determined chelato 
Che procedure 


metrically side by side 


is described in detail 
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Coal Ash. Anon 
S.I.R.O. 1959, No. 6 


Phosphorus in 
Coal Research in ( 
Mar.) 14 

A new 
phosphorus in coal ash using hydro 
chloric and sulfuric instead of hydro 
fluoric and 
Only with samples of very low phos 


nitric acid is described 


phorus content was there an appreciable 
difference between the new and the 


British standard method 


The Viscosity of Synthetic Slags as a 
Function of Their Composition and 
Temperature. E. E. Hofmann. Stahl 
und Eisen 1959, 79 (June 11) 846-54 


he effect of 


lime, magnesium oxide 


various percentages of 
alumina and 
silica on viscosity were studied in a 
newly developed viscosimeter of the 
simultaneously the various 
Leitz 
microscope. The results are 


torsion type 


slags were studied under the 
heating 


presented in tables and graphs 


Future Sources of Fuel and Power 
DD. Hicks Iron and Coal Tr. Rev. 
1958, 177 (July 11) 77-S1 

It is thought that the various esti 
mates of the future growth of demand 
for all types of fuel have been exces 
sive and, on the other hand, that too 
much emphasis has been laid on re 
placing coal by oil since oil reserves 
are likely to be much 
than coal 
stressed that in 


exhausted 
earlier reserves It is 
the interest of na 
tional economy, the use of oil for heat 
ing, gas generation, and steam raising 
should be reduced and replaced by the 
ind that much 


more should be done in utilizing coal 


surplus of small coal 


purposes 


production of oil 


for chemical especially the 


Gas-cooled Graphite-moderated 100 
Mw Reactor Proposal for the German 
Reactor Programme. W. Junker 
mann and H. Benzlet Atom u 
Strom 1958, 4 (Jul 53-9 (In Ger 
man) 

Phe author 
of the British rea 


pose it sal 


discuss the advantages 
r design and pro 
1 German power 
reactor but incorporating several im 


provements hese include higher 
pressure of the coolant and a more 
streamlined fuel element channel; 
the use of hollow elements should be 
left for later 


should be s 


but the graphite lattice 
» designed that 50 per cent 
or more such metallic or ceramic 
elements could be introduced. If all 
the improvements were applied, the 
initial output of 100 Mw could be in 
With the most 


unfavourable estimate of fuel element 


creased to 180 Mw 


costs and without any return for re 
covered plutonium, the total cost 
would amount to 6.4 pf. per kwhr 


with a vernment subsidy of two 


thirds of the capital, this would be re 
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method for the analysis of 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for 
high pressure boiler water treatment. 


DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... yet adds 
no solids. 


Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 


Fairmount 


ts we oe a Ae og & INC 
136 Libert t New York € N Y 


duced to 4 pf. per kwhr; when using 
hollow elements and the same govern 
ment subsidy, the cost would decrease 
to 2.5 pf. kwhr; and for a 500 Mw 
plant without subsidy, the cost would 
be 3.5 pf. per kwhr. This last men 
tioned cost would already be com 
petitive with electricity generated in 
bituminous coal-fired power stations 


The Standardization of Methods of 
Analsis of Coal and Coke. J. G 
King. Fuel 1958, 37 (Oct.) 407-8 

In discussing the new BS 1016, 
Parts 6 and 7, 1958, it is pointed out 
that a guard tube containing man 
ganese dioxide has been added to the 
Liebig method for carbon determina 
tion, to prevent escape of oxides of 
nitrogen. The “high temperature”’ 
alternative method has also been 
included 


The Determination of Carbon and 
Hydrogen by the Liebig Method; 
Elimination of the Errors Due to the 
Formation of Nitrogen Dioxide. M 
P. Mendoza. Fuel. 1958, 37 (Oct.) 
109-14, 

Carbon values obtained with and 
without use of the manganese dioxide 
guard tube in the Liebig method are 
compared; the use of the tube gives 
better values. An empirical correc 
tion for hydrogen is submitted 


Evolution of Oxides of Nitrogen and of 
Sulphur during the Determination of 
Carbon and Hydrogenin Coal. A. H 

Edwards. Fuel 1958, 37 (Oct.) 415 

20) 

sulphur 
during combustion of coal are com 
pletely absorbed in a properly packed 
Liebig tube and the oxides of nitrogen 
removal by manganese dioxide. Only 


The oxides of produced 


traces of oxides of nitrogen are evolved 
in the high temperature method 


Contribution to the Determination of 
Phosphorus in Solid Fuels. W. Rad 
macher and W. Schmitz. Brennst 
Chemie 1958, 39 (Sept.) 274-9 (In 
German) 

Four different methods for the de 
termination of phosphorus are com 
pared: 1. Combustion of sample in 
oxidizing atmosphere at 757 C + 25 
C with addition of phosphorus-bind 
ing salts; 2. Combustion of sample 
mixed with sodium carbonate and mag 
nesium oxide in oxidizing atmosphere 
at 775 C 25 C; 3. Decomposition 
of sample with concentrated sulfuric 
acid and concentrated nitric acid; 4 
Decomposition of sample with con 
centrated sulfuric acid in presence of 
selenium. None of these methods re 
sults in low values due to evaporation 
of phosphorus during 
A new rapid method of determining 
coke 1s 


combustion 
the phosphorus content of 
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How new McMeekin Station 
treats its boiler water 


Raw lake water from Lake Murray is 
the source for boiler feed at the new 
Silas C. McMeekin Station of South 
Carolina Electric and Gas Co 
Here’s what the water analysis looks 
like 
Silica 9.0 ppm 
Iron 0.8 ppm 
Turbidity 15.0 ppm 
Colorants 35.0 ppm 
Electrolytes 50.0 ppm 
Hardiy the sort of water you put in a 
boiler operating at 2450 psig. So you’ll 
find a complete Permutit water treat- 
ment system at McMeekin Station. 
Gilbert Associates, Inc., Reading, Pa., 
consultants on this job, report current 
results from the equipment as follows: 
1. Precipitator and chemical feeders lower 
iron to 0.2 ppm, turbidity to less than 
5 ppm, colorants to 2 ppm 
2. Three gravity filters further reduce 
turbidity to less than 1 ppm 
3. Complete demineralization plant, cation 
and anion exchangers lower the scale- 
forming silica to an inoffensive .02 
ppm, electrolytes to .75 ppm. 
4. Fully automatic Permutit control cubicle 
(not illustrated) remotely controls, 
monitors and records systems operation 
at all times. 


Such complete water treatment is 


typical of a Permutit installation and of 
I 


the all-round service you get from our 
FLUIDICS program. If you have a 
boiler feed water problem, for example, 
our Permutit Division can provide 
everything you require from _ initial 
survey to final equipment system. 

For more information, write PER- 
MUTIT, 50 West 44th Street, New 
York 36, N. Y., or call your local 
Permutit representative. 


*FLUIDICS is a complete, imagina- 
tive Pfaudler Permutit program which 
economically provides practical an- 
swers to problems involving liquids 
and gases. 


& PFAUDLER PERMUTIT INC. 


Specialists in FLUIDICS. 


.the science of fluid processes 


described, which uses oxygen in the 
combustion process and reduces the 


time for the analysis to 10 min 


Studies in Bomb Calorimetry IX 
Formation of Sulfuric Acid. R. A 
Mott and C. Parker Fuel 1958, 37 
Oct 371-81 

rhe studies on sulfur trioxide for 
mation in the bomb during the com 
bustion of coal and coke have shown 
that the 
lead to gross imaccuracy 


sulpfur correction does not 
Working 
rules to prevent errors are presented 
and recommendations made for the 
application of corrections 
Experiences in the Non-Destructive 
Testing of Circular Welding Seams of 
Thick-Walled Tubes. A. Dombrow 
ski and M. Wandelt B.W.K. 1958 
10 (Oct.) 492-5 (In German 
Non-destructive testing 
site by X- an 


is discussed and the results of com 


ol We Ids on 


y-rays and ultrasonics 


parative tests reproduced and verified 
by polished 
that none of these 


ilone is able to give 


These show 


applied 


always reliable 


sections 
methods 


a combination of all 
probability of de 


results and only 
three gives a high 
all faults rhe evaluation of 
the indications produced by the vari 


tecting 


ous methods, especially by ultra onics, 


requires Many years ol experience 


Improved Smoke-Measuring Devices. 
Anon. Pwr. and Wks. Engng. 1958, 
53 (Aug 

By loying a cadmium photo 
cell, valve 


nated in two new smoke indicating 


amplifiers have been elimi 


instruments. One of these is suitable 
for chimneys of up to 15 ft diam 
and operates an alarm when a preset 
reduction of the intensity of a light 
other for chim 
neys of up to 40 ft diam. gives a 


smoke 


visual 


beam occurs, and the 
continuous indication of the 
density and can also actuate 


or audible alarms 


Grinding, Screening and Filtering 


When You Crush and Pulverise Coal. 
U. B. Yeager Pwr. Engng. 1958, 62 
July), 61-4, 114 

A review of machines available for 
grinding, and pulverizing 
Table indicat 


crushing 
solid fuels, including 
ing which of these machines is most 
suitable for the different fuels and 


purposes 


Ball Mill Grinding. Part II. The 
Application of Laboratory Scale Ex- 
periments in Industry. J. Nijman 
Brit. Chem. Engng. 1958, 3 (Aug.), 
$14-7 

In scaling up from laboratory to 
full size plant, the following factors 
must be considered: Particle size 
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distribution after a single breakage 
event in a ball mill and the probability 
of breakage due to cascading and to 
cataracting of the balls. The dis- 
tribution function appears not to be 
affected by scaling up, but simple 
rules for scale-up cannot be given 


Analysis and Testing, Research 


Determination of the Inorganic Con- 
stituents in Australian Coals by Rapid 
Semi-micro (Photometric) Methods. 
C.S.I1.T.O. Coal Research Section 
Chatswood N.S.W., FA 23, 1957 
(July), 62 pp 

Pringle’s methods worked out for 
the analysis of British coal ash have 
been found to be either not applicable 
to Australian coals or too tedious. A 
complete photometric scheme for the 
analysis of coal ash is now proposed 
and details of the procedure given. 
The scheme would also be applicable 


to boiler deposits and slag. 


Spectrochemical Methods of Analysis 
as Applied to Mineral Matter Asso- 
ciated with Coal. K. Dixon. Analyst 
1958, 83 (June), 362-71 

Spectrochemical solution methods 
are readily applicable to the analysis 
of the mineral matter in coal, coal 
ash, and a wide variety of associated 
minerals. Solutions are prepared by 
fusing the sample and then extracting 
the melt, or by wet oxidation. Cali 
bration is carried out with synthetic 
standards prepared, whenever pos 
sible, from Specpure materials 
Sodium and potassium are deter 
mined with a flame photometer 
The techniques are appreciably faster 
than other published methods, and 
have a comparable precision 

From C.E.G.B. Digest 1958, 10 
Aug. 16), 2171 
Relationship between Sampling of 
Bituminous Coal and Accuracy of 
the Ash Content Determined. H 
Paul. Gliickauf 1958, 94 (July 5), 


907-18 (In German 


Weight of sample as a function of 
particle size, sampling method and 
preparation, and determination of 
ash content are discussed, and the 
results obtained with a large number 
of samples and the standard devia 
tions are tabulated Laboratory, 
special, and routine analyses are 
compared. The accuracy obtainable 
in routine sampling and testing is 
discussed the sampling error is 
generally greater than the preparation 
and analysis error, and ensuring the 
correct sampling procedure is thus 
specially important 


Sampling Dust and Fumes. Anon 

Mech. World 1958, 138 (Aug.), 366 
The apparatu developed by 

B.1.S.R.A. for the isokinetic sampling 


WARREN BOILER FEED PUMPS 


designed for RELIABILITY 


TYPE TL— 
up to 400,000 Ibs./hr. for 150 psi boilers 
up to 400,000 Ibs. /hr. for 250 psi boilers 


ASK FOR BULLETIN 246 


ta 


TYPE TM— 
up to 200,000 lbs. /hr. for 400 psi boilers 
up to 400,000 lbs. /hr. for 600 psi boilers 


ASK FOR BULLETIN 241 


...and each type 
is designed for 
a specific range 


TYPE TH— 
up to 400,000 lbs. /hr. for 900 psi boilers 


ASK FOR BULLETIN 244 


In the design, manufacture and test of all Warren pumps for 
Boiler Feed Service, reliability is the prime consideration. 
And when a pump is reliable, you can be sure it will have 
low maintenance cost, long life and consistently high 
efficiency. 


Warren’s use of modern hydraulic principles and mechanical 
features is also notable in special designs for such services 
as Low Submergence or High Speeds (over 3600 RPM). 


WARREN PUMPS, INC. 


WARREN, MASSACHUSETTS 





WHIRLEX 
Shop Assembled 


DUST 
COLLECTORS 


... Cut Erection Costs 
to a Minimum 


This highly efficient Whirlex 
collector is completely shop 
assembled and need only be 
bolted in place at the erection 
site. Rigid shop inspection as- 
sures a “gas-tight” installation 
thus eliminating the opportun- 
ity of error at the job site. 


A Whirlex Shop-Assembled Dust 
Collector may he the answer 
to your problem. Write for more 
} j 


complete information 


Fly Ash Arrestor 
CORPORATION 


205 North Ist. Street © Birmingham, Ala. 





Dust Collectors Induced Droft Fans 


Forced Draft Fons Exhoust Fans 


Self Supporting Stocks Duct Work 


Whirlex Dust Collector completely , 


fabricated and ready for shipment 


Whirlex FD and ID fans are designed 


for heavy, rugged duty 


WHIRLE X 


of gas and the measuring of its dust 
content, e.g., waste gases containing 
red oxide fumes from steel-making 
processes, is now commercially avail 
able. The probe with a sharp-edged 
nozzle faces into the gases and the 
sample is withdrawn at the same 
which the gas_ flows 
through the duct lhe gas is passed 
filter, cooled 


velocity at 
through a glass-fibre 
and metered The correct sampling 
rate is obtained by pitot tube and 
temperature readings 


Steam Research—A Task of Inter- 
national Cooperation. E. Schmidt 
B.W.K. 1958, 10 (Aug 369-70 (In 
German) 

A report is presented of the first 
unofficial meeting of the International 
Committee held in London in July 
1957, in which the work being carried 
out in Great’ Britain Germany 
U.S.A., and U.S.S.R. was discussed 
Brief details are given of the research 
in progress in these countries and the 
difficulties encountered 


Nuclear Energy 


Progress in Controlled Thermonuclear 
Research in the U.S.A. Anon. En 
gineer 1958, 206 (Oct. 10) 585-7 

rhe apparatus used and the results 
obtained so far at four American lab 
oratories—Los Alamos Scientific Lab 
oratory, Oak Ridge National Lab 
Princeton University and 
California 
outlined 


oratory 
University of Radiation 


Laboratory are 


British Reactor of the Future. Anon 
Engineering 1958, 186 sept lv 
336-9 

Present investigations are concen 
trating on a reactor containing fuel 
operating at surface temperatures ol 
1000 C and heating a gaseous cooling 
medium to 750 C, which would drive 
a gas turbine connected to a compres 
sor for circulating the gas (both tn 
stalled inside the pressure vessel) and 
the exhaust at a temperature sufh 
cient to generate steam at 500-600 C 
Phe fuel would probably be a combina 
tion of fissile and fertile material (one 
atom U235 and 20 atoms Th232), the 
coolant gas helium or nitrogen, the 
moderator graphite or beryllium 
Sketches of the arrangement of the 
reactor, the fuel elements and control 
rod drives are reproduced and the 
difficulties likely to be encountered 
discussed A 10 MW zero 
reactor will be built for study 


energy 


The Advanced Gas Cooled Reactor, 
A.G.R. Anon. Engineer 1958, 206 
Oct. 24) 656-8 

Ihe most essential parts of a paper 
by R. V. Moore, H. Kronberger and 
L. Grainger presented at the Geneva 
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Conference are reproduced dealing 
with: | Fuel cycles for slightly 
enriched reactors; 2. Use of UOs: for 
long burn-uy Development to 
higher temperature operation; 4 
Other problems of the advanced gas 
cooled reactor; 5 The advanced gas 
cooled reactor 00 MW thermal, 28 
MW electric, gas outlet temperature 
500-575 C, fuel can surface tempera- 
ture 600 ¢ 6. Conclusions 


The West German Nuclear Develop- 
ment. K. Writz B.W.K. 1958, 10 
(Sept.) 409-14 (In German) 

rhe rapid development of research 
into nuclear problems can be gathered 
from the fact that 7 research reactors 
are operating or on order. A table 
gives the organization responsible for 
the order and that for which it is des 
tined (mainly for Universities), for 
eign supplier and German contractor, 
type of reactor, fuel, moderator and 
reflector, output, neutron flux, cool 
ing temperature control, shielding 
and experiment il facilities rhere is 
generally one reactor for a group of 
universities, technical and medical 
institutions he power reactor pro 
gram has not vet been finalized, but it 
is certain that they will be of different 
types, to be able make comparison 


of their merits and economics 


High Temperature Reactors. R 
Schulten liom ¢ Strom 1958, 4 
Oct). 79-S2 (In German 

Some details are given of the high 
temperature reactor project worked 
ut by BBC-Krupp Che reactor has 
1 thermal output of 48 MW and an 
electrical output of 15 MW, and can 
be operated in the temperature range 
500-1000 C and a pressure of 7-10 at 
rhe fuel is 2 per cent enriched uranium 
carbide, the moderator graphite, the 
coolant a mixture of neon and helium 
Phorium is used as breeder material 
[he fuel and moderator are both in 
spherical torn I reduce the shield 
ing problem, the reactor 1s to be sur 
rounded b double steel wall with 
the space between the two shells 
kept at a higher pressure than that 
inside the reactor that no leakage 
of poisonous products to the outside ts 
ossible 


Grinding, Screening and Filtering 


Mixing of Solids. J. B. Gayle, O. I 
Lacey and J. H. Gar Ind. Engng 
Chem. 1958, 50, Part sept.) 1279 
89 

A method is described for following 
the mixing process which is applicable 


to ditributions consisting of any finite 
number of components distinguishable 


is discrete parti 
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.. INSTALL PNEUBIN PULSATING PANELS! 


PneuBin is a complete, quiet system, designed to produce 
flow by POSITIVE DISPLACEMENT of stubborn materials 
in concrete or metal storage bins and hoppers. 
Many leading industrial plants and public utilities have 
found PneuBin to be the answer to their coal-flow problems. 
For complete information and FREE illustrated literature, 
Write: 


[ine Midece 


DIVISION OF GEROTOR MAY CORPORATION 
COCKEYSVILLE, MARYLAND 
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To Keep the Lights Burning 


Huge tonnages of United Electric Coal are used by public utilities to generate the 
electricity which supplies light, heat and power to industries and consumers. United 


Electric Coals ... preferred by many utilities and basic industries in the middle west. 


THE UNITED ELECTRIC GOAL COMPANIES 


COALS: FIDELITY « CUBA «+ BUCKHEART + RUBY « MARY MOORE + BANNER 


CHICAGO, 307 N. Michigan Ave., Phone CEntral 6-6580 « PEORIA, Commercial National Bank Building, Phone 3-3711 + ST. LOUIS, Ambassador Building, Phone GArfield 1-3732 
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Two of the four Ljungstrom Air Preheaters under construction at Potomac Electric Power Co.’s Dickerson Power Plant, Dickerson, Md, 
will serve one boiler, evaporating 1,300,000 lbs 


Each pair of these Lj 


of steam/hr. The first 175,000 KW unit was placed in operation 


ystroms, with a combined heat exchange surface of 475,000 sq. ft., 
in June this year and a duplicate unit is now under construction, 


AIR PREHEATER SERVICE 
PROTECTS POTOMAC ELECTRIC POWER CO.'s 


NEW LJUNGSTROMS? TWO WAYS 


From the moment they start—and 
for as long as they operate—these 
Ljungstroms will get double-header 
Air Preheater service: protection 
against routine wear, and insurance 
of maximum operating efficiency. 
This is how. 

Lifetime Air Preheater Service pro- 
vides regular inspection and the serv- 
ices of expert technicians throughout 
the life of each unit. Air Preheater 
engineers make personal calls at least 
once a year on every Ljungstrom 
installation to make sure that all 


units are in top condition. This type 
of service is still in effect on Air Pre- 
heaters dating from 1923. 
Rapid factory service gives the best 
possible protection against routine 
wear, the best insurance of readily- 
available replacement parts. In one 
typical case, an Air Preheater cus- 
tomer 500 miles from the factory 
received custom-fabricated parts 
within ten hours after his initial 
request for these parts. 

Regular inspection and fast 
response to emergencies are just two 


advantages Air Preheater offers its 
customers. Another is expert knowl- 
edge of boiler and preheater problems, 
gained through 35 years’ experience. 
These reasons—knowledge of our 
customers’ problems and a continuing 
interest in them—probably explain 
why nine out of ten preheaters sold 
today are Liungstroms. 


[HE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17,N.Y. 
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LIKE GETTING TWO CRUSHERS 
FOR THE PRICE OF ONE 


The Pennsylvania Reversible Hammermill gives 
you so much more for your money. For instance, 
you get double the crushing area — by merely 
flipping a switch, the direction of the rotor 
changes and you are using the breaker blocks 
and cage bars of a duplicate mill. This not only 
doubles cage and block life but hammers need 
never be hand turned and wear is kept uniform. 
Both cage assemblies are easily adjusted to move 
towards or away from the hammer circle. This 
permits you to wear hammers much farther while 
keeping the grind uniform during the long life of 
the hammers — with no falling off of tonnage. 
Send for bulletin 1040 that gives complete infor- 
ination on the various sizes of Pennsylvania 
Reversible Hammermills. Pennsylvania Crusher 
Division, Bath Iron Works Corporation, West 


Chester, Penna. 


Penn 
CRUSHER 
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Hot Reheat 
i hea 


PRETESTED 
and 
PREFABRICATED 
by 


Cittabungh Ofaig 


PART OF A COMPLETE HIGH-PRESSURE, 
HIGH-TEMPERATURE PIPING SYSTEM 


The model shown above exactly duplicates—from an en- 
gineering standpoint—a hot reheat line which is part of a 
high-pressure, high-temperature piping system fabricated 
by Pittsburgh Piping. 

The inset shows the position and relative size of the 
header in the line, and the main illustration is an actual 
photograph of this header as fabricated in our shops. The 
complete system, which includes chrome-moly and stainless 


Atlanta 
Chicago 


PP.36 
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Model test set-up of hot reheat 

line as reproduced above is 
approximately 1/10th actual size of the 
model. Circled area shows position 

of chrome-moly header in the line. 


Size of this hot 

reheat header can be 
seen by comparison 

with men in the picture. 
It is 21” O.D., 

fabricated of 2% % 
chrome, 1% molybdenum 
steel. 








steel piping fabrication, is one of scores of installations 
which we have model-tested, fabricated, and erected. 

Use this experience on your next piping job. . . electric 
generating station, nuclear power installation, chemical 
processing plant, refinery, mill, or factory. We are special- 
ists with complete facilities, and we assume responsibility 
for every phase of the work—from blueprint through 
erection. 


Promoting Progress IN POWER AND PROCESS PIPING 


AND EQUIPMENT COMPANY 


158 49th Street + Pittsburgh 1, Pa. 


. Whitehead 8uilding Public Square Building 
. Peoples Gas Building P.O. Box 74 
New York 
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~ INSUL-FELT 


LS 


TREMENDOUSLY 


IMPROVED 


UNIFORM THICKNESS AND DENSITY 


Low K factor. Rosin-bonded mineral fiber felt. Laminated 
and specially bound. Full body and thickness. 


SHARP EDGES AND CORNERS 


Blanket sections can be butted closely against each other 
for tight fit over surfaces. 


WOOL WON’T TEAR 


Wire mesh or lath can be removed and wool handled 
without tearing. 


LIGHTWEIGHT, STRONG, FLEXIBLE 


Easier to apply than mineral wool block. 


ATTRACTIVE IN APPEARANCE 


LOW TEMPERATURE FOR mone 


UP TO 1200°F 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET @ NEW YORK 5, N. Y. 





CONDENSER AND 
HEAT EXCHANGER CLI 


Edited by David $. Hibbard, Metallurgical : 
Tig finorieng Brass Company, Buffalo 5, New Yo 


New tube mill equipment gives designer of heat-transfer units 
freer hand in meeting new trends 


With the installation of new production 
and testing equipment The American 
Brass Company now offers the most 
comple te service available to users of 


| 


condenser and heat exchanger tubes 


Long lengths. To gain advantages in 
construction processing, O1 installa- 
tion, designers can lengthen « quipment 
consi le rably Dube Scan now be drawn 
up to LOO feet. Most of the longer tubes 
ire required as U-bends, but in some 
instances may be 
lengths 
U-bends. Tubes from *.” O.D. to 14” 
O.D. with wall thicknesses from .049” 
ISBWG) to .134 LOBWG 
f from 114 times the 


shipped is straight 


can be 
bent on a radius 
tube O.D. to 30 
Dual Gage. \\ hic 
and pressures are involved, it may be 
desirable to thicken the tube wall in 
the area of short-radius bends on 
U-bend tubes. Walls are thickened one 
Stubs’ Gage No. to compe nsate tor 
thinning of metal in the bending 
Thickened Tube Ends. To compensate 


for thinning by rolling or by impinge 


high te mperatures 


ment corrosion cause d by high VE loc i- 
ties, tubes may be supplied with the 
well thickened at one end one or more 


GENERAL VIEW of new American Brass Company eq 
copper illov tube 


Stubs Gage Nos 


may be on the 


tube as required 
Relieving Stresses. 
other than copper, 


bend area after bending 


BENDER CAN produce U-bend tubes with straight leg 


in lengths ul 


up to 5 


he 


outside 


All 


ure 


extra thickness 


Or inside 
bend 


anne aled ‘ 


to eliminate 


Y long. 


1Iprnie nt whic h can dr iw copper and 


the hazard of stress-corrosion cracking 
might occur in service due to 
stresses that may exist as a result of 
the bending 
Testing. U-bends are tested hvdrostati- 
cally at ASTM Specification pressures 
or at ASME Code pressures up to 
6000 psi on request, if the tube size 
will stand it. Electronic Inspection with 
eddy-current equipment is available 
ilso, when required 
Shipping. U-bend tubes are shipped 
prune ked for ease in handling and storage 
Technical Assistance. For more detailed 
information on = extr i-long tubes, U- 
bend, Dual-gage, or Duplex tubes to 
meet spe ial problems iddress The 
American Brass ( ompany Buffalo 
Division, Buffalo 5, New York. In 
Canada Anaconda American Brass 
nited, New Toronto, Ont 


ANACONDA’ 


TUBES AND PLATES FOR 
CONDENSERS AND HEAT EXCHANGERS 


Made by 
The American Brass Company 
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improved Water Level 


Taleoifet-tilela) 
* 


Better Visibility 
| 


VT mec Lofefe) 
MULTI-PORT 
=] Plieje} ie} gicy-Veles 


i od -\ ital i -te, 


This improved construction (exclusive with the Dia- 
mond MP-3000 Multi-Port Bi-Color Gauges) avoids 


New patented construction of the Diamond 
MP-3000 Multi-Port Bi-Color Gauge is 


possible confusion of colors in steam space of gauge 
and it improves visibility by providing sharper red 


and green colors. 


Condensate, which might otherwise be a source of 
trouble, flows down the bypass channel instead of 
down the port channel. This permits the center plate 
to retain a relatively high temperature so that water 
in the ports is nearer to temperature of water in the 
boiler drum, improving indication accuracy. Absence 
of condensate in the ports assures a distinct Bi-Color 


image—signal red for steam—signal green for water. 
é 


illustrated by cut-away sections. 

Multi-Port construction greatly reduces gauge main- 
tenance costs. Inherent thermal stability minimizes 
maintenance frequency and any port can be changed 
in a few minutes without removing the gauge from 
the boiler. Change of any port is expedited by new 
glass and gasket package unit. Construction is except- 
tionally sturdy—gauge body is machined from a 
solid block of high grade stainless steel. Get in 
touch with your local Diamond office, or write us at 
Lancaster, Ohio, P.O. Box 415, for complete inform- 


ation and bulletins. 
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NEW IDEAS IN CHEMICAL CLEANING 


Citric Acid 


Dowell’'s New Service for Cleaning 


Stainless Steel Process Equipment 


Now, for the first time, plant operators can be sure 
of a new degree of safety in the cleaning of their 
pressure units containing austenitic stainless steel 
for example, heat exchangers, stainless-clad pressure 
vessels, atomic reactors, and supercritical-pressure 
steam generators. Citric Acid service by Dowell 
provides a new, effective method for these special 
chemical cleaning situations. 

The Citric Acid used in Dowell chemical cleaning 
is inhibited with an exclusive chloride-free inhibitor. 
Cleaning with this new field-proven solution assures 
a chloride-free solvent system, and thus helps prevent 
chloride stress-corrosion cracking. 

Dowell Citric Acid also provides other significant 
advantages: Citric Acid stabilizes dissolved iron and 
helps prevent precipitation of insoluble iron com- 
pounds when neutralizing chemicals are used. Flushing 


of the unit is not as difficult when Citric Acid is used. 
Citric Acid is especially suitable where stainless steel 
and other metals are used together in construction 
of the unit. 

Citric Acid cleaning with a chloride-free inhibitor 
is just one of the new ideas from Dowell research. 
Other recent contributions include the new ‘white 
glove” standards of cleanness, copper removal agents 
and the new jetting device for cleaning heat exchanger 
tube bundles. 

Ask your Dowell representative about Citric Acid 
service and Dowell chemical cleaning programs for 
your plant equipment. Dowell, the leader in chemical 
cleaning service and research, operates in every major 
industrial area through 165 offices and _ stations. 
Dowell, Tulsa 1, Oklahoma. 


Chemical cleaning service for all industry ~@@®]- 


DIVISION OF THE DOW CHEMICAL COMPANY 





